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SUMMARY

A methodology has been developed to provide calibration data for Loran-C
navigators designed to be used in harbor, harbor entrance areas. The
methodology can be applied over a wide range of local environments. Visual
aids to navigation are used as a position reference whenever possible. An
electronic positioning system is used when available visual aids to navigation
are not satisfactory. The data acquisition system, data collection
techniques, and data analysis procedures have been field tested in New York
Harbor, the Delaware Bay and River, and the St. Marys River.

The calibration points, waypoints, are calculated for each intersection of
commonly used tracklines in & harbor area. Additional calibration points,
termed trackpoints, are added as necessary to minimize position errors.

A typical harbor with 20-30 waypoints can be surveyed over a two week
period. A survey crew consists of three to five persons; a survey using only
visual aids could be accomplished with as few as two. The survey data is
analyzed in the field as the survey progresses to prevent the need to
resurvey. Troublesome data is identified, and the data is recollected.

This document provides a brief description of the data acquisition system,
Time-Difference Survey System (TDSS); and a detailed description of data
collection and data analysis procedures. (A complete description of the TDSS
can be found in the Coast Guard Research and Development Cent2r Report, "Time
Difference Survey System (TDSS)"). Improvements and expanded utilization to
the TDSS is discussed. Also discussed is a technique analogous to a track
plotter for user equipment self-calibration.
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INTRODUCTION

Loran-C harbor survey techniques have been developed to provide
calibration data for Loran~C navigators designed to be used in harbors and
harbor-entrance (HHE) areas. Calibration points are provided for each
straight line channel intersection, i.e., a waypoint. A calibration point
between waypoints termed a trackpoint can be added, if necessary, to reduce
position errors to an acceptable level (e.g., less than 10 meters cross-track)
in areas where there is grid warp. Included in the survey techniques are
procedures to validate the waypoints and detect the need for trackpoints. A
data acquisition system for collecting Loran-C time-difference (TD) data and
electronic position data has been designed, implemented and field tested. The
survey techniques are designed such that the data is collected and waypoints
are calculated and verified in the field.

Two general methods of surveying waypoints have been developed. One
method is used in restricted waterways where it is impractical to use a short
range electronic positioning system. These waterways must be marked well by
visual aids to navigation (particularly visual range markers) and have
distinct channel boundaries. A good example of such a waterway is the St.
Marys River, which connects Lake Superior and Lake Huron. The second method
is designed for areas where a short-range electronic positioning system is
practical. In this case there are no requirements for visual ranges and
distinct channel boundaries. A good example of such an area is outer New York
harbor. The first method is termed Visual Reference Survey; the second,
Electronic Positioning Augmentation.

VISUAL REFERENCE SURVEY

SURVEY APPROACHES

In areas such as a winding river it is an expensive and time consuming
operation to setup and operate a short range electronic positioning system
(e.g. Mini-Ranger, Autotape, Etc.) to provide a position reference for a
Loran~-C TD waypoint survey. Two effective techniques have been developed
which utilize existing visual aids to navigation as the positioning

reference. The first technique, Range-Range, is designed for the case where
both channels which define the waypoint are marked by visual ranges. Examples
of such a case are shown in figures 1A and 1B. The second technique,
Channel-Edge, is designed for the case where onme or both channels defining the
waypoint is not marked by a range, but the channel edges are well defined
(easily detectable by a fathometer) and/or marked by fixed and floating aids
to navigation. An example of such a situation is shown in figure 2,

Range-Range Survey

In the case where both channels which define the waypoint are marked by
visual ranges, the waypoint is defined as the point where both ranges close
simultaneously. The visual ranges provide an excellent cross track reference
near the channel centerline. An attempt could be made to survey the waypoint
by maneuvering the survey vessel until both ranges are closed and then
attempting to maintain this station until sufficient Loran TD data is
collected. Unfortunately, such a technique is impractical to implement due to
the wind, current and other vessel traffic conditions normally encountered.
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WAYPOINT DEFINED BY TWO VISUAL RANGES (ST. MARYS RIVER)

FIGURE 1A




WAYPOINT DEFINED BY TWO VISUAL RANGES (DELEWARE RIVER)
FIGURE 18
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WAYPOINT FOR CHANNEL EDGE SURVEY (ST. MARYS RIVER)

FIGURE 2




An alternative approach is described below.

Mathematical Basis

In the area about a waypoint, the Loran-C TD lines-of-position (LOPs) can
be approximated by the linear model below:

TDX-TDX, =aj)(x-x,) + aj5(y-yo) + n, (1)
TDY-TDY,, =ag) (x-x5) + ap3(y=yo) + ny (2)
TDZ-TDZ, =a3)(x~x,) + aj,(y-y,) + nj 3)

where

TDX, TDY, TDZ are observed TDs

TDX,, TDY,, TDZ, are waypoint TDs

X, y are position coordinates of the observation

Xos Yo &re waypoint position coordinates of the waypoint

a;,; are coefficients of the gradient matrix (directional derivatives
of the Tp grid)

Oy, Dy, N, are error terms due to noise and nonlinearities

Position and TD data collected during an experiment in the Groton, CT,
area displayed excellent agreement (i.e., rms errors less than .050 microsec)
with the above model within 1.5 km of a waypoint.

The equations for the centerline of the channels defining the waypoint can
be written in the following form.

(y-y.) = M, (x-x_.) 4)
(y-yg) = H; (x—xg) (5)

where y = north-south position
X = east-west position
M;,M; = tan (course lines)
X,2Yo ~ waypoint coordinates

s The equations for the channel centerlines can be expressed totally in
| Loran-C TD coordinates by substituting equations (4) and (5) into equations
(1), (2) and (3). For example:

T ——

~i

Trackline 1: (TDY-TDY,) = by (TDX-TDX,) + N; (6)
Trackline 2: (TDY-TDY,) = by (TDX-TDX,) + Nj M
vhere  b; = (az; + ayM))/(ay) + ajoMy) (8)
by = (821 + agoMg)/(agy + ajgMy) (9)
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Nl'ny-blnx (10)
Ny = ny - by ny, (11)

The equations for the tracklines can be similarly expressed in terms of TDX
and TDZ and TDY and TDZ.

Loran-C TD data can be collected along the centerlines of each channel
near the waypoint using the visual ranges. An estimate of the trackline
equations in TD coordinates can be calculated using linear regressions to the

data. These equations are in a slightly different form than equations (6) and
7.

trackline 1 regression line: TDY-TDY)=C)(TDX-TDX;) (12)
trackline 2 regression line: TDY-TDY,=C,(TDX-TDX3) (13)

where

TDX;, TDX; = mean of the TDX data collected on trackline 1, 2
TDY;, TDY, = mean of the TDY data collected on trackline 1, 2
C; = calculated slope from the linear regression of trackline 1
data
C, = calculated slope from the linear regression of trackline 2
data
Slope = r(Stdy/Stdx) (14)

Stdy = standard deviation of TDY data
Stdx = standard deviation of TDX data
r+ =nrrelation coefficient of TDX and TDY data

Waypoint Estimation

An estimate of the waypoint TDs (TDX,, TDY,) is determined by calculating
the intersection of equations (12) and (138.

For each pair of Loran-C TDs collected, a set of regression lines and
their intersection is calculated. If three TDs are collected, there are two
estimates calculated for each waypoint TD (e.g., TDX, and TDY, estimated
from TDX/TDY regression lines, TDX, and TDZ, from TDX/TDZ regression
lines, and TDY, and TDZ, estimates from TDY/TDZ regression lines). If
four TDs are collected, three estimates for each waypoint TD are calculated.

The accuracy of the waypoint estimates is a function of:

a. the crossing angle of the tracklines (in TD coordinates)

b. the confidence bounds for the regression lines at the point of
intersection.




estimated rms error = (512 + 522)1/2/gin(A) (15)
of waypoint

where:

S1 = one sigma confidence bound of trackline one regression line at
the calculated waypoint

$2 = one sigma confidence bound of trackline two regression line at
the calculated waypoint

A = crossing angle of the tracklines for equations (12) and (13) in
time difference coordinates

A = ABS (arctan (C,) - arctan (Cy)) (16)
512 = nzs12 (1/N1 + (TDXO-TDXI)ZI((NI 2)(Stdx12))) a?n
522 = RES22 (1/N2 + (TDX,-TDX2)2/((N2-2)(Stdx22))) (18)

N1 = Number of data samples on trackline one
N2 = Number of data samples on trackline two

RES1,RES2 = Standard deviation of residuals for the regression line
fit to trackline one data, trackline two

Stdxl,Stdx2 = Standard deviation of TDX data for trackline one data,
trackline two
Stdyl,Stdy2 = Standard deviation of TDY data for trackline one data,
trackline two

Rss12 = Stdyl (1-:1)2 (19)
RES22 Stdy2 (1-rp)? (20)

rl,r2 = correlation coeffecient of TDX and TDY for trackline one
data, trackline two

The crossing angles of the tracklines in TD coordinates are determined by
the orientation of the tracklines (in spatial coordinates) and the locations
of the Loran-C transmitters. Control of the accuracy of the estimated
waypoint coordinates depends on the ability to minimize the confidence bounds
of the regression lines at the waypoint. From equations (16) and (17) the
confidence bounds for the regression lines at the waypoint are functions of:

a. the residuals (RES) for the regression line fit to the data. The
residual is the standard deviation of the difference between actual data
points and the regression line equation. The smaller the residuals, the
better the fit of the line to the data. The residuals of the trackline are a
function of the signal-to-noise ratio of the TDs measured and the track
keeping of the survey vessel. The trackline length should be long enough such
that length of the trackline in microseconds is much greater than the standard
deviation of the TDs due to noise. A good rule of thumb is that the trackline
length be at least 35 times the standard deviation of the TDs at dockside
(e.g., 1-1.5 microseconds).
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b. the number of data samples (N). The confidence bound decreases by the
square root of the number of data samples. Thus, there is diminishing return
to taking more than 100 samples.

¢. the distance (in microsec) between the mean of the data set and the
calculated waypoint, (TDX,-IDX). Ideally, the survey pattern should form an
X. The worst case is when the survey pattern forms a V. If the survey
pattern forms a V, the (TDX,~TDX) term is maximum. (The survey lines for a
V should always at least reach the waypoint.) Assuming data is collected
uniformly along the survey trackline and the survey line stops at the
waypoint, the term:

(TDXo-TDXi)2/Stdxi = 3 (21)

To achieve the same accuracy figure with a V survey as an X survey with the
same residuals R:

R2(1/Nx) = R2(1/Nv + 3/Nv) (22)
Nv = 4Nx (23)

The number of samples in the V survey (Nv) must be four times the number of
samples in the X survey(Nx).

Channel Edge Survey

In the case where the one or both of the channels defining the waypoint is
not marked by a visual range, the TDs of the waypoint can be calculated
without resorting to an electronic positioning system if there are distinct
channel boundaries and/or good visual aids to navigation. Loran-C TD data can
be collected along the channel edges and at aids to navigation near the
waypoint. The difference in TDs between an aid-to-navigation (preferably
fixed) and the waypoint are calculated based on the relative positions of the
aid from the waypoint. The difference in position establishes the offsets to
be applied to the TDs measured at the aid-to-navigation to form an estimate of
the waypoint TDs. The position offset between the aid and the waypoint cam be
determined from the local navigation chart or Army Corps of Engineers (COE)
dredging data. The estimated waypoint TDs can be used as a reference point
for converting the TDs collected along channel edges and at aids-to-navigation
to position coordinates. The position data can: be plotted to the chart scale
to produce an overlay to the navigation chart or converted to along/cross
track and plotted with respect to the channel centerlines. The plots can be
compared to navigation chart and/or COE data to detect systematic errors. If
an error is detected, a correction to the waypoint TDs must be calculated.
The TD data can be again converted to position data referenced to the
waypoint. The position data can then be compared to the navigation chart and
COE data to verify that the correction was applied correctly. The procedure
must be repeated until there are no detectable systematic errors.

Waypoint Estimation

A general expression for calculating Loran-C time difference at a position
(x,y) is:

TD = (Rs-Rm)/Vp+(SF,-SF)+(ASF,~ASF,) - Emis (24)
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vhere:

TD = calculated TD

Vp = velocity of propagation corrected for the index of refraction;
for index refraction = 1.000338
1/Vp = 2.998986 microsec/kilometer

Rs,Rm = range to secondat{ station, master station
Rs = ((Xs-X)2+(¥s-¥)2)1/2

SFs,SFm = correction factof for progation delays over sea water; for
Rs and Rm greater than 160 km, SFs-SFm = .0011(Rs-Rm)

ASFs ,ASFm = correction factor for additional propagation delay for
over land paths

Emis = secondary station emission delay

For harbor survey applications, the terms in equation (24) after (Rs-Rm)/Vp
can be treated as a constant for the harbor area, i.e.,

TD = (Rs=Rm)/Vp + C (25)

The difference in TDs between two points is then:

TD2-TD1 = (Rs2-Rm2)/Vp-(Rsl-Rml)/Vp (25)
or
TD2 = TD1 + (Rs2-Rm2)/Vp-(Rsl-Rml)/Vp (27)

The above expression can be used to calculate the estimated difference in TDs
between an aid-to-navigation (TD1) and a waypoint (TID2).

Aid and Channel Edge Plotting

The algorithm developed for the PILOT Loran-C navigator1 can be used to
convert TD data to position coordinates. This algorithm calculates the
differential position on the difference between the measured TDs and the
waypoint TDs. This differential position is then added to the waypoint
position. The algorithm is basically the inverse of equation (27).

An initial position estimate is made using the linear expression.
Z] = Z,+G(TD-TD,) (28)
where

Z; = first position estimate
Z, = waypoint position
= measured TDs
TD, = waypoint TD
G = gradient matrix
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The TDs corresponding to 2;, TDz;, are calculated using equation
(27). A second position estimate, Z,, is then calculated;

2 =2 ¢+ Q(TD_IEEl) (29)

If the difference between Z; and 2] is less than one meter, the
calculation is ended. If not, a third position calculation is made:

23 = 27 + G(TD-TDy)) (30)

The procedure is repeated until the difference between successive position
calculation is lees than one meter.

Data to verify a range-range solution is collected along the entire length
of the channel centerline using the visual range to maintain the survey vessel
on the centerline. If there is a distinct or well marked channel edge, TD
data is also collected along channel edges. The TD data is converted to xy
and along/cross track positions and compared to the navigation chart and COE
data if available. The along/cross track plot of the centerline data will
indicate if the waypoint calculations are correct and if there is a
requirement for a trac.point between the waypoints. See the Data Analysis
section,

Verification

The channel edge survey is self-verifying. The waypoint is chosen such
that TD data converted to xy positions agrees with the navigation chart. The
solution is normally checked with & redundant set of channel edge data not
used in the original waypoint solution.

PRE-SURVEY PLANNING

Overview

The first step in the pre-survey planning process is to determine if the
visual survey technique can be applied to the area of interest. In some
cases, a portion of the area can be surveyed using visual techniques and the
remainder of the area will require electronic positioning augmentation. The
remainder of the section assumes that it has been determined that the visual
survey is applicable to at least a portion of the area of interest. Presurvey
planning for electronic positioning augmentation is discussed under Electronic
Positioning Augmentation - Presurvey Planning. The visual survey technique
can be applied in areas where the channels are marked by visual ranges and/or
where the channels have distinct, well marked boundaries.

During the presurvey planning stages of a Loran-C harbor survey, the
navigation charts for the area are studied to define waypoints and select a
survey strategy for each waypoint. Some calculations are also performed to
assist in the data collection phase.

Waypoint Definition

If the channels defining the waypoint are both marked by visual ranges,
the waypoint is chosen as the intersection of the two visual ranges. In some
cases the ranges may not mark the centerline of the channel boundaries. Such
an example is seen in figure 1A, a section of the St. Marys River. If the
channels are not marked by ranges, the intersection of the common tracklines

11
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(e.g., channel centerlines) are defined as the waypoints. Local A to N
personnel and/or Pilot Association personnel should be consulted if there is
any doubt as to where a waypoint should be defined or to determine common
vessel tracks. It is important that each waypoint be uniquely defined.

COE Survey Data

Dredging charts and data can be obtained from the COE office responsible
for the area of interest. This data provides more detail on channel
boundaries, channel width and length, and channel courses than the
conventional navigation charts. The COE data is particularly useful for the
channel edge survey technique. Figures 3 and 4 are examples of the type of
data available from the COE. The data typically is in state-plane
coordinates. To be useful for the survey, the coordinate units must be
changed from feet to kilometers, and referenced to the local origin used in
the survey. (The local origin is discussed in the following paragraphs.)

FEHG Algorithm

The Flat Earth Hyberbolic Grid (FEHG) TD to xy position conversion
algorithm, developed for the PILOT Loran-C navigator', is used to validate
waypoints. The algorithm uses a planar grid centered at an arbitrary local
origin in the harbor area. The origin is usually chosen as a waypoint or a
fixed aid to navigation near the center of the harbor area. The planar (xy)
coordinates of tramnsmitter locations are determined using great circle
calculations based on the latitude and longitude of the transmitters and the
latitude and longitude of the local origin. Waypoint xy coordinates (other
than the local origin) are calculated from the difference in TD coordinates of
the waypoint and local origin using the FEHG algorithm. (See APPROACH -
Channel Edge Survey)

Waypoint and Loran-C Chain Data Files

The data analysis program for visual survey, TLSl, is used both during the
presurvey planning and post-survey data analysis. Documentation and user
instructions for TLS1l are contained in Appendix A. The program stores and
uses Loran-C chain data and waypoint files to perform calculations. The
Loran-C chain file contains the transmitter geodetic positions, tramsmitter
power level, and secondary emission delays. The waypoint files store waypoint
TDs, latitude, longitude, and xy position relative to the local origin. The
waypoint file is a 25X8 array. Each row contains the data for one waypoint.
Waypoint 25 is assigned to the local origin. Waypoints are broken down into
convenient sequences and numbered. A waypoint file is created for each
sequence. The number of waypoints in each sequence is usually limited to
twenty. This allows four rows in the file for trackpoints to be stored if
needed. (The local origin is stored in the waypoint 25 position in each
waypoint file.)

During pre-survey the latitude and longitude of each waypoint is
determined from the navigation chart and stored in the waypoint file.
(Latitudes and longitudes can be calculated from state-plane coordinates using
the algorithms listed in Reference 3.) The TDs for each waypoint are
predicted using TLS1 and stored in the appropriate waypoint file. The xy
coordinates of the waypoints based on the predicted TDs may also be calculated
and stored in the waypoint file. This step may be used as a check of the
position and predicted TD data previously entered.

12
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Preparation of Survey Plan

A survey plan is prepared for each waypoint using the navigation charts,
COE survey data, and information gathered from local A~to-N personnel and
users of the harbor area.

Range-Range Waypoints.

Figure 5 is a survey planning form for a waypoint defined by the
intersecticn of two ranges. Items to consider for a range-range survey are:

a. survey pattern: an "X" survey pattern is the preferred survey
pattern. Unfortunately this pattern is not always realizable due to the lack
of navigable water or the loss of visibility of one of the range markers
beyond the waypoint. It may be possible to run a balanced survey line (e.g.,
bracket the waypoint) on one trackline, and not on the other. This pattern,
e.g., a "Y", is better than a V. An effort should be made to collect data at
least to the waypoint. In some cases even this may be difficult as the front
or rear range may become obscured near the waypoint.

b. trackline length, The recommended survey trackline length is
approximately 1 kilometer. The anticipated tracklines endpoints should be
marked on the navigation chart (or a copy of the chart in the area of the
waypoint) and turn aids noted.

c. potential problems. The navigation chart should be studied carefully
for potential problem areas such as bridges and overhead power lines near the
tracklines. Avoid the region for at least 300 meters to either side of a
power line or bridge when collecting waypoint data. Range markers that will
be at the far end of the channel should be noted. These ranges may be
difficult to see during daylight hours. Such waypoints are much easier to
survey during dusk or at night.

d. simulation. One of the program functions of TLS1 is a range-range
survey simulation. Input are the waypoint number, start and stop points of
the survey tracklines, expected TD noise, and number of samples. The program
function computes a data set for each trackline and the resultant waypoint
calculations. The simulation is useful for predicting the crossing angles of
the tracklines, linear regression line slopes, and the effect of changing
survey patterns. In general, shallow crossing angles of tracklines on the
navigation chart will also produce shallow crossing angles in TD coordinates.
The only method to compensate for this is to increase the number of data
samples. The predicted regression line slopes are helpful during field data
collection as a check of the reasonableness of the data as it is being
collected (see Data Collection).

Channel Edge Survey.

The navigation chart for the area near the waypoint must be studied to
determine the aids to navigation channel edges and where TD data will be
collected. 1In general the more data collected, the better; however, some
effort must be made to keep the amount of data and time spent collecting the
data within reason. Some planning is advisable for the method the data will
be stored in data files. It takes a little longer to store data into several
files rather than one larger file during the data collection phase, but it is
easier to combine data files than break them up during data analysis. A
recommended procedure is to store data collected at each aid to navigation and
along channel edges (e.g., one side between two waypoints) in separate files.
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Verification Data.

Verification data for range-range waypoints can be readily collected when
traveling from one waypoint to another and enroute to a survey area. If the
same area is traveled several times, data can be taken along the channel edges
as well as along the channel centerline.

It is a good practice to plan to collect a redundant set of channel edge
or fixed aid-to-navigation data in the area of a waypoint defined by channel
edge data. This can be used as a check for the waypoint calculations.

DATA COLLECTION

Time Difference Survey System (TDSS)

The TDSS is a data acquisition system designed to collect Loran-C time
difference and position data for Loran~C harbor survey applications. The
system provides a real time graphic display of the data as it is collected and
calculates cumulative statistics including linear regression parameters for
the TD variables.

The TDSS consists of a Hewlett-Packard HP9845T desktop computer, an
Austron 5000 Loran-C monitor receiver, a Motorola Mini-Ranger positioning
system and a Deltec Uninterruptable Power Supply (UPS). The Mini-Ranger
system is not used for visual survey applications. The UPS is necessary only
when the reliability and stability of electrical power is in question.

A complete description of the TDSS is contained in the Time Difference
Survey System (TDSS) Installation and Operation Manual2,

Special Function Keys.

Figure 6 is the overlay for the special function keys (SFKs) on the
HP9845. The keys can be functionally divided into two groups: Austron 5000
Control and Data Collection. Tables 1 and 2 are brief descriptions of the
functions of the SFKs for each group.

TD/TD Graphics Plot.

An example of the TD/TD graphics plot is shown in figure 7. The TDs to be
plotted, predicted waypoint, anticipated minimum and maximum TD values, and
predicted regression line slope must be input to the calculator during data
collection initialization. Each data point collected is plotted on the CRT
(if it falls within the plotting area). The cursor is positioned over the
latest sample. The bar graphs to the left of the plot indicate the confidence
bound of a regression line fit to three pairs of TDs (WX, XY and YZ). Note
that this is the confidence bound at the mean (approximately the center) of
the trackline. The confidence bound at the end points is approximately twice
this value.

Statistics Tabulation.

At the end of a data collection run (typically 100 samples with a maximum
of 400 samples), the graphics display is dumped and a statistics summary table
is printed on the hard copy printer. Figure 8 is an example of the statistics
summary. A printout of tue current statistics can be obtained at anytime
during a data collection run by pressing the Stats key (SF28).

Austron 5000 Setup.

The Austron 5000 Loran-C Receiver offers operational flexibility not found
in a receiver designed for navigational use. Some important features for
survey use are:

e s s s g
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a. TMCN: tracking loop bandwidth (time constant) - the TMCN command
controls the tracking loop time constant (TMCN/10 seconds). The higher the
TMCN (longer time constant) the greater the noise rejection, and the poorer
the tracking performance during changes in course and speed. For survey
applications it is desirable to have low TD standard deviations (high noise
rejection) and good tracking performance. Another constraint for data
collection is that data samples should be independent (e.g., not time
correlated). This latter constraint requires the interval between data
samples to be at least two tracking loop time constants (e.g., 2XTMCN/10
seconds). The maximum sampling rate of the TDSS is one sample every 12
seconds. This limitation is caused by the data transfer rate of RPRT messages
from the Austron 5000 to the HP9845. A TMCN of 50 (approx. 5 seconds)
provides good signal-to-noise ratio performance (standard deviation = 20-50
nanoseconds), acceptable dynamic performance, and enables the TDSS to be
operated at its fastest sampling rate.

b. CLIP: linear clipping level - noise in the low frequency spectrum
tends to be burst-like rather than continuously Gaussian distributed. The
Austron 5000 receiver provides linear processing which has excellent
performance characteristics under many conditions, (and is optimum for
Gaussian noise) but is suboptimal for burst type noise. There is a provision
for non-linear processing in the Austron 5000 which considerably improves
receiver performance in the presence of burst-type noise. The process is
clipping and is set by the CLIP command. A CLIP level of 130 is recommended
for survey operations.

c. STATIONS: stations tracked - The Austron 5000 has the capability of
tracking several Loran-C chains simultaneously and up to a total of six
stations. The TDSS software is designed for the Austron to be operated with
one chain with up to five stations including the Master. It is not necessary
that all four secondaries be in the track mode.

Waypoint Data, Range-Range

Track-keeping.

The ranges which define the waypoint and planned survey tracklines are
determined during the Presurvey Planning. On arrival in the area of the
waypoint, the ranges and turn aids should be identified. As discussed in
Presurvey Planning, the recommended trackline length is approximately 1
kilometer (1/2 nautical mile). It is impossible to keep the ranges perfectly
aligned during an entire data collection run. However, an attempt should be
made to keep the survey vessel on range as close as possible., Wind and
current will tend to bias the vessel to one side of the centerline. The
tendency is to fall off the range, correct to the centerline, fall off the
range, etc. This process tends to bias the data to the down-wind (current)
side of the channel. A preferred procedure is to correct the vessel track
slightly to the up-wind (current) side of the channel centerline; such that
the average trackline is on the range. It is not necessary to "pause' data
collection when the survey vessel is slightly to one side or other of the
channel. Data collection should be "paused" during turns and when the survey
vessel is significantly off the range.

Sample Number and Multiple Runs.
The recommended survey procedure is to collect at least two repetitions of
the survey trackline rather than attempting to collect the desired number of
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COMMAND KEY FUNCTION

ACQl K18 ~Transmits an ACQl command (signal ]
acquisition) to the Austron 5000

RPRT1 K19 -Transmits a RPRT1 command
to the Austron 5000

TMCN K20 -Requests & TMCN value from

operator, then sends command to
Austron 5000 to set input TMCN
to all stations

ON-KBD K8 -Sets HP9845 keyboard in teletype
mode. Keyboard is used as a :
terminal to control Austron 5000
using standard Austron commands.

OFF-KBD K4 ~Returns HP9845 keyboard to
normal calculator mode.

TDSS SPECIAL FUNCTION KEYS RELATED TO AUSTRON 5000
LORAN-C RECEIVER CONTROL 5

TABLE 1
!
COMMAND KEY FUNCTION E
Data-col K21 -Initializes data collection |
parameters. ]
Start K25 -Starts data collection. !
Pause K9 -Pauses data storage and plot; !
samples are displayed on CRT. :
Cont K10 -Cancels data-collection Pause.
Stop K26 -Stops data collection. The graphics

display is dumped onto the thermal
printer and a statistics summary
table is printed. Data may be stored
on magnetic tape.

Stats K28 -Prints an interim statistics summary
table.
Sign K29 -Inverts the trilateration triangle for

calculating position from Mini-Ranger
data; used when baseline between
reference stations is crossed.

b TDSS SPECIAL FUNCTION KEYS RELATED TO DATA COLLECTION

i, : TABLE 2




samples on a single run. However, if conditions permit accurate trackkeeping
at a slow speed, a single run is adequate. The desired number of samples
depends on:

a. the distance to the front range and sensitivity of the range. This
will determine the capability of keeping the vessel on the channel centerline
(track~keeping noise).

b. the crossing angle of the tracklines. The only method to compensate
for poor crossing angles is to increase the number of data samples. .

c. the survey pattern. If a "V" pattern must be used, a larger number of
samples is required than if an "X" pattern is used.

The usual range of samples is 50 to 200. However, there is usually not much
to be gained beyond 100 samples. The bar graphs on the TD/ID graphics display
are a good indicator of data quality. If the bar graph for the TD pair of
greatest interest is between 5 and 10 nanoseconds, there is usually sufficient
data. Another good check of data quality is the correlation coefficients for
the data pairs. Correlation coefficients in the range of +.9 to +.999 can be
expected.

Care should be taken in collecting data with the range markers ''over the
shoulder.” It is sometimes advantageous from a survey standpoint to collect
data in both directions. However, it is considerably more difficult to
maintain a good vessel track with the ranges to the stern of the survey |
vessel. In some cases it is more prudent to collect data only in the
approaching direction. It may add some time to the dsta collection phase, but
it greatly simplifies the data analysis if little or no data editing is
necessary.

Verification Data, Range-Range

Data to verify waypoint calculation is collected along the channel
centerlines over the entire length of the channel. It is important during the
data analysis phase to know when the vessel was on the centerline. Notes
should be made during the survey of the sample numbers and approximate
alongtrack distance when the survey vessel is on the range. It will not
always be physically possible to maintain the vessel on the range over the
entire length of the centerline due to other vessel traffic. Again, the
sample number of when the vessel deviated from the centerline and when it
returned are extremely useful during data analysis. If the survey vessel must
deviate from the centerline for other traffic, it is a good practice to move
to the channel edge until the centerline is clear. The distance that the
vessel moved calculated from the TD data is compared to distance between the
channel centerline and channel edge on the navigation chart or COE data during
data analysis.

The data for waypoint verification can be collected enroute between
waypoints and enroute to a survey area. Several validation runs provide a t
good check on the waypoint and the variability of the TD grid. One or more
centerline data runs and data taken along both channel edges are usually
sufficient.

If the verification data is being collected while enroute to a survey
area, the data for several channels can be strung together in the same data
file. The sample number when a turn is started and when the vessel is steady
on the next range should be recorded to assist the data analyst. The TDSS can
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collect up to 400 samples in a single data file. If this number will be
exceeded with the vessel partially between two waypoints, the data collection
run should be stopped, the data stored, and a new data collection run started.

Waypoint Data, Channel-Edge

Data to calculate the waypoint is collected at principal
aids-to-navigation near the waypoint and along the channel edges of the two
channels which define the waypoint. Wind, current and the position of the
survey vessel with respect to the aid-to-navigation should be recorded when
collecting data at an aid-to-navigation. The average fathometer reading
should also be recorded.

Data collected at aids to navigation near the waypoint should be stored on
separate data files. The channel edge data should be collected and stored in
segments consisting of one side of the channel between two waypoints. Buoys
or fixed aids along the channel edge can be marked by stationing the survey
vessel near the aid until 5 to 10 samples are collected. All accessible fixed
aids and every second or third buoy should be marked.

Waypoint Verification, Channel-Edge

Waypoint verification for the channel edge survey is accomplished as part
of the waypoint calculation. A redundant data file for at least one of the
channel edges should be collected. This data set can be used during data
analysis to check the waypoint calculations.

Data Files

The TDSS stores data in files on a magnetic tape cartridge with a maximum
of 400 samples per file. Each file is identified with a file name consisting
of 1-6 alphanumeric characters. It is convenient to establish a convention
for naming files before a survey begins so that the data that is stored om the
file can be identified for data analysis. Some suggestions for naming files
are listed below:

a. Range-Range Survey Line (Tracklines): TL (waypoint from) (waypoint
surveyed). TL76 and TL56 would be the two survey files for waypoint 6.

b. Range-Range Verification: CL(Start Waypoint) (Stop Waypoint). CL1819
is the data collected on the centerline (CL) between waypoints 18 and 19,
CL1720 is the data collected on channel centerlines starting near WP17 and
stopping near WP20.

c. Channel Edge Data: RE(Start waypoint) (Stop Waypoint). RE1314 is the
data along the channel edge marked by red buoys (RE) between waypoints 13 and
14; BE1314 is the data along channel edge marked by black buoys (BE) between
waypoints 13 and 14. BUOYl5 is data collected at Buoy 15, LT28 is data
collected at Light 28.

d. Dockside Data: DS(Julian Date)(Number). DS1892 is the second set of
dockside data collected on Julian day 189.

Local Monitor

Data from a local monitor is collected so that a correction plot can be
prepared for the time interval when survey data was collected. An initial
comparison can be made of dockside data and the TD data from the local monitor

23

T LR At oS NI~ 0 E  pire cr. 2




during the periods when dockside data was collected before getting underway
and after returning to port. This comparison is a check that any offsets in
the dockside data were also observed at the local monitor. This provides a
check of both the TDSS and local monitor. The correction plot is used during
data analysis to remove any temporal offsets from the survey data.

DATA ANALYSIS

A Hewlett Packard HP9845T desktop computer and the computer program "TLS1"
are used to analyze the data collected during a harbor survey using visual
reference positioning techniques. The program "TLS1" is a collection of
special function programs which can-be used to

a. calculate waypoint TDs, and
b. evaluate the performance of the resultant waypoints.

TLSl. The program TLS1 consists of 19 special function programs selected
by one of the special function keys of the HP9845. The functions are divided
into six groups and a short description of each program function is provided
in the following sections.

Presurvey Planning Group

a. Predict TDs, K20: calculates predicted TDs for an input latitude,
longitude. The program also outputs range and bearing to transmitter stations
and GDOPs for three TD and two TD position fixes. It requires that a Chain
Data File be available.

b. File or Read Waypoint Data, K23: used to create waypoint table files
and to edit and restore waypoint table files. It can also be used to obtain a
listing of the waypoint table. The waypoint table is a 25X8 matrix. The
first four columns contain waypoint TD values (TDW, TDX, TDY, TDZ). Columns
five and six contain the xy position referenced to the local origin.. Columns
seven and eight contain the latitude and longitude in decimal degrees.
Waypoint 25 (e.g., row 25 is designated as the local origin. The latitude and
longitude stored in this location is used by program functions which calculate
the local xy coordinates of the transmitters. If the local origin is also one
of a sequence of waypoints, its parameters will be stored twice, i.e.; in row
25 and in the row corresponding to its logical wayroint number.

¢. Store Chain Data, K6: stores Loran~C chain data (transmitter geodetic
positions, transmitter power levels, and secondary emission delays) on a data
file for later use. File names are a five character mnemonic for the
particular Loran-C chain. The first four characters are an abbreviation for
the chain (e.g., NEUS, SEUS, GTLK, etc.). The fifth character is a number
from 1 to 4 which designates the configuration of three TDs: 1 = XYZ, 2 =
WXY, 3 = WXZ, 4 = WYZ.

d. Simulate Waypoint Survey, K28: simulates the survey of a waypoint
using the intersection of visual ranges technique. Two TD data sets are
generated along the tracklines defining a waypoint. Input variables are the
waypoint of interest, the starting and stopping points of the survey lines,
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and the expected standard deviation of the TDs. The program function
processes the data as if it were field data. Statistics and regression
parameter tables are printed on the hard copy printer for each data set along
with the waypoint table. The "true" TD values for the waypoint are zero. The
tabulated waypoint value is the error in estimating the waypoint.

Survey Data Handling Group

a. Read Data File, KO: reads time~difference (TD) and time-of-day data
stored on magnetic tape. The TD data may be corrected for known offsets. If
TDs are corrected, a lower case "t" is automatically annotated to the file
name. :

b. Edit Data, K16: used to edit (i.e., remove) samples from the data
(TD, time, and range) arrays. Three options are available to the user:

(1) The first option deletes a single data sample in each data array.

(2) The second deletes a block of data samples.

(3) The third deletes samples with TD samples outside a range that is
input by the operator.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only TD data samples. Arrays previously
formed containing XY and along/cross track position data are not affected.
Functions Kl and K17 must be repeated to see the effect of editing on computed
positions.

c. Separate Data into Subfiles, K3: allows a large data file to be
broken up and stored in several smaller data files or a subset of a large data
file to be stored as a separate file.

d. Link Data Files, K25: enables multiple data files to be loaded into
memory. TD data can be corrected for each file entered. The total number of
samples must be equal to or less than 400. The fuaction will automatically
ignore any samples which would cause this limit to be exceeded.

e. Read Data from MFE5000, K29: reads TDs collected from an MFE 5000
tape drive. The data is assumed to have been recorded from an Internav 404
EIA OUT port with the following data format:

Characters 1-8; GRI

Characters 10-17; TDA
Characters 19-26; TDB
Characters 28-35; TDC
Characters 37-44; TDD

The program function also assumes that TDW = TDA; TDX = TDB, TDY = TDC; and
TDZ = TDD. 1If this is not true, program lines 1820 through 1850 must be
changed to reflect the proper arrangement. This program is normally not used
with the TDSS. It can be used to analyze data collected using a supplementary
LC404 receiver and a MFE 5000 data recorder.
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Statistics and Regression Group

a. Calculate Statistics and Linear Regression of TD Data, K2: calculates
statistics, linear regression coefficients, and minimum and maximum for the
four TD arrays. Statistics and regression parameters calculated are:

(1) mean for each TD

(2) standard deviation for each TD

(3) covariance of TD pairs

(4) correlation coefficient of each TD pair

(5) linear regression slopes of each TD pair

(6) standard deviation of residuals for each regression line

b. Plot TD Data with Regression Lines, K4: plots two of the
time-difference arrays against each other and also plots the linear regression
line for the TD pair chosen. The program automatically scales the plot for
the minimum and maximum TDs for each array. The axes are drawn through the
mean for each TD. Minor tic marks are every microsecond and major tic marks
every 10 microseconds.

c. Plot Residuals, K5: plots the residuals from the linear regression
for any TD pair (See K2). The residuals may be plotted against sample number
or the independent variable. Residuals are normalized to the standard
deviation of the residuals. Normalized values greater than 5 are printed on
the hard copy printer and are not plotted.

Waypoint Calculation Group

a. Calculate Waypoint, K21: computes range-range waypoint time
differences, estimated rms error, and lop crossing angles. The function also
calculates and prints statistics and regression parameters for each of the
survey tracklines.

b. Daisy Chain, K22: calculates the position of a waypoint bcsed on the
difference in TDs between it and a neighboring waypoint. The Flat Earth
Hyperbolic Grid (FEGH) is used to calculate position coordinates.

Differential xy coordinates, differential latitude and longitude, and range
and bearing between waypoints are also calculated. The user has the option of
inserting the calculated xy coordinates (and latitude longitude) into the
waypoint table, Wpt(*). Note: This function does not restore the new
waypoint tabie in magnetic tape. If this is desired, function K23 must be
used.

c. File or Read Waypoint Data, K23: used to create waypoint table files
and to edit and restore waypoint table files. It can also be used to obtain a
listing of the waypoint table. The waypoint table is a 25X8 matrix. The
first four columns contain waypoint TD values (TDW, TDX, TDY, TDZ). Columns
five and six contain the xy position referenced to the local origin. Columns
seven and eight contain the latitude and longitude in decimal degrees.
Waypoint 25 (e.g. row 25) is designated as the local origin. The latitude and
longitude stored in this location is used by any program function which
calculates the local xy coordinates of the transmitters. If the local origin
is also one of a sequence of waypoints, its parameters will be stored twice,
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i.e. in row 25 and in the row corresponding to its logical waypoint number.

d. TD Move, K24: calculates the change in TD from a waypoint to a
position offset from the waypoint. This offset in waypoint position and TD
may be applied to the waypoint table. The change in TDs is calculated based
on the change in distances to the transmitters.

Data Conversion Group

a. Convert TD Data to XY and Along/Cross Track Position, K17: converts
TD data to xy and along/cross track positions using the FEHG algorithm and
surveyed waypoints. The program will compute either a three or two TD
solution. A summary table is printed on the hard copy printer which lists:

-chain and LOPs used in the solution

-file name

-bearing angle between waypoints used for along/cross track calculation
- rms trackline of data

-average cross track position

-standard deviation of cross track position

-average Xy position

~-gtandard deviation of xy position data ;

b. Plot XY Data, K18: This program function plots the xy data calculated
from Loran—-C TDs on the CRT or 9872A plotter. Two options are available. The
first automatically scales the CRT (or9872A) plotting area to the range of xy
data. The operator may zoom in on a section of the plot, find the sample |
number of a plotted point, and digitize up to 10 locations on the plot. The
second option plots the xy data to a chart scale (1:10,000,1:20,000, 1:40,000,
or 1:80,000). The axes are drawn through a waypoint selected by the
operator. The operator also inputs the offset of the waypoint (axes) from the
lower left hand corner of the plotting area. The selection of waypoint offset
and scale determines the window of data which will be plotted.

c. Plot Along/Crcss Track Data, K19: This program function plots cross
track vs along track position. The plot is automatically scaled and labeled.

XY to TD Offset Conversion Group

a. TD Move, K24: See Waypoint Calculations

b. Measured-Projected TDs, K27: calculates the statistics of the
difference between the TDs measured and TDs projected from the waypoint based
on the xy position calculated from the measured TDs. The result is a measure
of the three TD fix triangle. The function can be used to estimate the third
TD of a waypoint if two are known.

Waypoint Calculations

Range-Range.

For the range-range survey case, data is collected on each range line and
stored in data files on a magnetic tape cartridge. The term trackline is used
for the survey line along one of the visual ranges. Trackline data is
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collected near the waypoint and optimally brackets the waypoint. A trackline
data file typically contains two to four runs along the range line. For each
pair of TDs collected, a straight line is fit to the trackline data using
linear regression. The waypoint is calculated as the intersection of the
regression lines for each trackline.

The function Compute Waypoint, (K21), calculates statistics and linear
regression parameters for each TD pair of data collected for the two trackline
data files and the intersection of the regression lines for each TD pair. The
crossing angle of the regression lines and the estimated rms error of the
waypoint estimate (intersection of regression lines) are also calculated. The
results are printed in tabular form as shown in figure 9.

The quality of the trackline data can be checked by examining the
correlation coefficient and residuals for each TD pair. Four TID pairs can be
collected, but it is rare that all four provide useful data. In many cases,
there are three good TDs available. The correlation coefficient and residuals
are a measure of how good the trackline data fits a straight line. If the
vessel track were a perfect straight line, the residuals would be slightly
greater than the standard deviations of the dependent variable observed at
dockside. A "noisy" vessel track will show up as larger residuals. A typical
range in residuals is .025 to .060 microseconds. One's ability to detect if
the survey vessel is on or off the range decreases as the distance to the
range markers increases. Therefore, tracklines run at the far end of the
range will tend to have larger residuals than tracklines nearer the range
markers. In some cases, portions of tracklines run with the range markers
"over the shoulder" may cause problems due to poor track keeping. The survey
officer's notebooks should be checked for comments concerning suspect data.
Suspect data can be removed using the Edit (K16) function. TD Statistics and
Regression (K2), Plot TD Data with Regression Lines (K4) and Plot Residuals
(KS) are useful functions for detecting suspect data and identifying sample
numbers to delete.

The estimated rms error and the closure between waypoint solutions is a
good indication of waypoint quality. Estimated rms error is a function of
trackline residuals, crossing angles, number of samples, and the survey
pattern. Reducing trackline residuals by editing suspect data will also
reduce rms error in the waypoint solution. (Note, the number of samples is
also reduced.) Crossing angles are fixed by the configuration of the chanmel
and the Loran-C chain geometry. The rms error is inversely proportional to
the square root of the number of samples. The error is minimum when the
survey tracklines form an X pattern. The difference between an X pattern and
a V pattern with the same number of samples is a factor of two. Editing data
to better bracket the waypoint can improve the calculated rms error.

If there are three TD data arrays, there are two solutions for the
waypoint value of each TD. If four TDs are collected, there are three
solutions for each waypoint TD. The term, closure, is used to describe the
agreement between solutions. If two solutions have low estimated rms :rors
(e.g., less than 20 nanoseconds), there should be good closure between the
solutions. A good rule of thumb is that the closure difference should be less
than twice the sum of the estimated rms error for each solution.
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The waypoint TD estimate with the lowest estimated rms error is chosen as
the waypoint value. If two solutions have approximately the same rms error,
they are averaged.

Figure 10 is a summary of the data analysis procedure for calculating a
waypoint with range-range data.

If one of the three waypoint TDs calculated using the range-range approach
has poor rms estimates for all solutions, a supplemental technique can be
used. Here the xy position coordinates for one of the survey tracklines or an
aid-to-navigation near the waypoint can be calculated using Convert TD Data to
XY and AT/CT (K17), the estimated waypoint, and the two TD solution (using the
two good TDs). The function, Measured-Projected TDs (K27), calculates a set
of three TDs for each xy data point based on the difference in distance
between the waypoint and xy data point and the TDs of the waypoint. These
"projected" TDs can be subtracted from the measured TDs for each sample and
the mean and standard deviation of this difference calculated. The difference
data for the two TDs used for the xy solution will be near zero (the "project"
function is the inverse of the FEHG algorithm). The difference data for the
third TD is the correction that must be applied to the waypoint value which
will force it to be consistent with the other two TDs. This correction can be
applied and the waypoint TDs are restored (K23). The calculations can then be
checked by using the three TD solution (K17) to convert the other trackline
data file to xy positions. The function, Measured~Projected TDs (K27) is
applied to this data set. The result is a measure of the average fix triangle
for the data set. Figure 11 is a summary of this supplemental data analysis
procedure.

Channel Edge

An iterative approach must be used for the channel edge survey case. TD
data should be collected along channel edges, the channel centerline (if &
range is available), and at aids-to-navigation near the waypoint and along
channel edges. The TDs of a fixed aid near the waypoint (a buoy may be used
if it is the only aid available) should be stored temporarily as a first
estimate of the waypoint TDs (K23). The corresponding xy coordinates are
calculated using the Daisy Chain (K22) function from the local origin. The
offset of the waypoint from the aid-to-navigation can be estimated from the
navigation chart for the area and used in the Move (K24) function to calculate
the estimated waypoint TDs.

The TD data collecied in the area around the waypoint can be converted to
xy and along/cross track position coordinates using function K17, Convert TD
Data to xy and AT/CT. The converted data can be plotted and compared to the
navigation chart. Function K18, Plot XY Data, will plot the position data on
the CRT or 9872A plotter. The plot can be scaled to a navigation chart scale
(e.g., 1:10,000, 1:20,000, 1:40,000, 1:80,000) or automatically scaled for the
rang2 of xy data. The function K19, Plot Along/Cross Track Data,
automatically scales and plots the calculated cross track vs along track data.




.Calculate intersection of survey tracklines (K21)

.Check quality of trackline data and waypoint solution
.correlation coefficients (.9 - .999)
.trackline residuals (.020 - .060 microsec)
.estimated rms error or waypoint solutions (function of residuals,
sample number, crossing angle, and survey pattern)
.closure of waypoint solutions (difference between waypoints
estimates less than twice the sum of estimated rms errors)
.crossing angles

.1f data is not satisfactory, edit suspect data from data files and
restore (K16), and recompute waypoint (K21).

.1f data still not satisfactory, resurvey waypoint.
.Choose the waypoint estimate with the lowest rms error as the waypoint
value (estimates with approximately the same estimated rms error may be

averaged) and store in the waypoint table (K23).

.Calculate xy position of waypoint referenced to local origin and store
in the waypoint table (K24).

«Restore the waypoint table in the waypoint file (K23).

Figure 10
Waypoint Calculation, Range-Range Data

«Calculate and store waypoints TDs using standard range-range approach
(figure 10)

.Convert the TDs for one of the survey tracklines or a nearby
aid-to-navigation to xy coordinates (K17) using the two TD solution
and two good TD estimates.

«Use Measured-Projected TD function (K27) to calculate a correction
for the third TD

+Apply correction and restore waypoint TDs in waypoint table (K23)

.Convert TDs for other survey line to xy coordinates (K17) using the three
TD solution

-Use Measure-Projected TD function (K27) to calculate average fix triangle
+1f results not reasonable, recheck calculations

+Restore waypoint table on waypoint file (K23)

Figure 11
Supplemental Range-Range Waypoint Calculation
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The xy and along/cross track plots can be compared to the navigation chart
(and COE dredging charts if available). If the plotted data is consistent
with the chart, then the calculated waypoint TD coordinates are good. If the
plotted data and navigation chart do not agree, the offset of the waypoint can
be determined from the plots. The waypoint can then be "moved" using K24 and
the xy and cross track data can be recalculated and replotted. This process
must be repeated until the plotted data agrees with the navigation chart and
COE data.

Figure 12 is a summary of the data analysis procedure for calculating the
TDs for a waypoint with channel edge data.

.Calculate the average TDs for a data file collected at an
aid-to-navigation near the waypoint (K2).

-1f the survey officer's notebook indicates that some data samples
are suspect, edit these samples (K16) before calculating statistics.

-If the standard deviation of the TDs are significantly higher than
observed at dockside, check the data for outliers using the Plot TD
(K4) and Plot Residuals (KS) functions and edit suspect data (K16).

.Store the TDs for the aid-to-navigation near the waypoint as a temporary
waypoint (K23).

.Calculate the xy coordinates of the temporary waypoint using the local
origin as the reference point (K22).

.Offset the TDs and position from the temporary waypoint to the waypoint
using a differential position estimated from the navigation chart or COE
data (K24).

.Convert TD data collected along channel edges, channel centerlines, and
at aids-to-navigation to xy and along/cross position (K17).

-Multiple data files may be read into computer memory using the LINK
(K25) function

.Compare xy and along/cross track plots (K18, K19) to the navigation chart
and COE data.

+If the plots do not agree with the navigation chart or COE data,
calculate the offset in the waypoint that is necessary and use the Move
(K24) function to reposition the waypoint.

.1f the waypoint is "moved," recalculate xy and along/cross position data
(R17), plot (K18, K19), and check plots against the navigation chart and
COE data.

+When the waypoint is satisfactorily positioned, restore the waypoint
table in the waypoint file (K23).

Figure 12
WAYPOINT CALCULATIONS - CHANNEL EDGE DATA
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Waypoint Verification. If the waypoint was calculated using the channel edge
data, the waypoint calculations are verified in the process of calculating the
waypoint. The waypoint TDs are modified until position data converted from
TDs for channel edges and aids-to-navigation agrees with the navigation chart.

In the case where the waypoint is defined by the intersection of two
ranges, data should be collected along the entire length of the channel
centerline during the survey. Data is usually also collected along channel
edges and at several aids-to-navigation. Data collected along the channel
centerline can be converted to xy and along/cross track coordinates using
function K17. The plot of cross track vs along track (K19) is the best
indicator of waypoint quality. If both waypoints are good and the vessel
track was close to the centerline over the entire length of the channel, the
cross track distance will be zero or near zero at both endpoints (e.g., at the
waypoints). There may be a slight "bow" in cross track near the midpoint of
the channel length. If the bow is severe a trackpoint can be inserted between
waypoints. If the cross track distance is not near zero at one or both
waypoints, recheck the waypoint calculations and check the survey notebook for
comments as to whether the vessel was on range. It is good survey practice to
collect data along the entire length of the channel several times during the
survey. Several of these runs can be checked for consistent results before it
is concluded that a waypoint is in error or a trackpoint is necessary. Data
along channel edges and at aids—to-navigation can also be converted to xy and
along/cross track position and plotted (K18 and K19). The plots can be
compared to the navigation charts and COE data for agreement.

Another check of waypoint calculations is to calculate xy positions (using
3 TDs) for TD data collected in the vicinity of a waypoint and use the
Project-Measured TD function (K27) to calculate the average TD fix triangle.
The project function is the inverse of the Convert TD to XY and AT/CT function
(K17). For each xy position, a set of TD values is calculated based on the
distance from the waypoint position and the waypoint TDs. These calculated
TDs are differenced from the measured TDs for each data sample. Statistics
for the resultant differences are calculated and a summary table is printed omn
the hard copy printer.

Trackpoint Calculation. The need and location of a trackpoint can be
determined from the along/cross track plot (K19) of a centerline data file.
The trackpoint is generally placed where the "bow" in the plot is at a
maximum. (See Figure 13.) The Move function (K24) in the range/bearing mode
is first used to calculate the "ideal" TD and xy at the point on the trackline
where the trackpoint is to be located. The changes in TD and xy calculated by
K24 are applied to the waypoint values and stored in the waypoint table (K23)
as the first estimates of TD and xy for the trackpoint. These trackpoint TD
and xy coordinate values are simply an interpolation of the values at the two
waypoints at each end of the trackline. To provide a correction for the "bow"
in the along/cross track plot, the Move function is then used to offset the
trackpoint in the crosstrack direction a distance equal to the magnitude of
the "bow." The resultant TD and xy calculations are then stored in the
trackpoint file. The trackpoint coordinates can then be used as the "to"
waypoint for TD to xy calculations and the resultant along/cross positions
replotted as a check of the trackpoint calculations. In some cases there may
be a requirement for more than one trackpoint.
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Additional trackpoints can be calculated as outlined above using the first
trackpoint as one of the two waypoints. A sample worksheet for calculating
trackpoints is shown in Figure 14. Rows 21-24 of the waypoint table are
generally set aside for trackpoints.

Alternately, a trackpoint can be calculated using the range and bearing
from the waypoint directly to the trackpoint and the MOVE functionto calculate
the TDs in one step. The range (Rt) for the MOVE is

.
E
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Rt = (RZ + (bow)2)1/2 (31)

where
R = along track distance from the waypoint to the trackpoint

bow = magnitude of bow in centerline data at R

The bearing angle, B, for the MOVE is the sum of the course angle between
waypoints (calculated from waypoint TDs) and the differential angle (dA) to
the trackpoint

dA = arctan (bow/R) ' (32)

i The course angle between waypoints (a) is found using functions (K17), convert
g TD Data to XY and AT/CT Position, and (K22), Daisy Chain. The bearing angle

; (B) is fj
h | = As aa (33)

}? ELECTRONIC POSITIONING AUGMENTATION

.,é The visual survey technique is difficult to apply in areas where there are

no visual ranges, the channel boundaries are not distinct, and the channel is

marked primarily with floating aids to navigation. However in such areas it

is usually possible to provide electronic positioning coverage over a large

area with a small number of reference stations. In such areas it becomes j

reasonable to use electronic positioning as a position reference for harbor
v Loran-C TD survey.

. APPROACH i

P With electronic positioning available, the survey vessel should be

‘o stationed approximately at the waypoint and position and TD data recorded

; simultaneously. The position of the waypoint can be precalculated from COE

’ survey data. Since the position of both the survey vessel and waypoint are
known, the differential TD offset between the vessel and waypoint can be
calculated accurately. This offset is calculated sample by sample, applied to
the measured TDs, and the resultant TD data averaged to estimate the waypoint
TD.
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TRACK POINT CALCULATIONS:
*Trackpoint between WP and WP

*Distance of Track point from WP » R= km

*Bearing from WP TO WP , B=

*Results of "MOVE" of R&B from WP :

dTDX = dTDY = dTDZ =
WP TDX = TDY = TDZ =

First Estimate -
of Trackpoint

WP Trackpoint XY Position X = Y=
dx = dy =

Trackpoint XY « E , N

*Trackpoint stored as WP ___  ;(K23)

*‘Magnitude of offset (e.g., BOW), M= km

*MOVE trackpoint; Ry = M, By = B+90 = (+ if bow to right)
*Results of "MOVE" of RM/BM from trackpoint estimate:

Estimate of .

Trackpoint
WP Trackpoint XY Position X = Y=
dx = dy =
Trackpoint XY . E, N

*Recalculate xy and AT/CT position for verification data using
trackpoint (K17)

*Replot AT/CT data (K19)

*If trackpoint satisfactory, restore waypoint table on waypoint file

TRACK POINT WORKSHEET

Figure 14
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TD and electronic positioning data should be collected along the channel
edges and centerline. Loran-C TD fixes can be compared to electronmic

positioning fixes to evaluate waypoint estimates and determine the need for
trackpoints. )

The use of electronic positioning simplifies shipboard data collection
procedures and provides the capability to quantitatively evaluate the
performance of Loran-C navigation using the calculated waypoints. It does
however increase the complexity of the TDSS and infield logistics. There is
also a significant increase in the time and effort necessary in the planning
stage to prepare for the survey.

PRESURVEY PLANNING

Preplanning

The preplanning necessary for a harbor survey using electronic positioning
is similar to the planning necessary for a visual survey. The survey strategy
for each waypoint will be the same, i.e., station the survey vessel near the
waypoint and record TD and positioning data. COE dredging data, e.g.,
coordinates of channel boundaries, is essential to this type survey. This
data and the locations of reference stations which can be used to provide
coverage of the survey area must be collected well in advance of the survey.
The reference stations must be visited prior to the survey to insure that the
survey markers have not been destroyed and that there is line-of-sight from
the reference station to the survey area.

Waypoint Definition

The navigation chart for the area to be surveyed can be used initially to
determine the location of waypoints. Where there are well defined channels,
the intersections of channel centerlines are commonly defined as the
waypoints. In an area where there is not a well-defined channel, local Coast
Guard A-to-N personnel and users should be consulted to determine common

vessel tracklines through the area. The intersections of these tracklines are
defined as waypoints.

COE Dredging Data and Reference Statioms

The COE dredging data define the channel boundaries in state-plane
coordinates. Coordinates are also usually available for fixed aids to
navigation in the survey area. These data and the reference station
coordinates and descriptions are obtained from the COE office for the survey
area. Figures 15 and 16 are examples of data for the Sandy Hook area of New
York harbor.

The reference stations to be used for the survey area should be visited in
advance of the data collection phase to insure that the survey markers still
exist and there is line-of-sight from the station to the survey area. It is
not uncommon for survey markers to have been destroyed since the last visit by
the COE. In urban areas, new construction may obscure the line-of-sight from
the reference station to the survey area. If the station has been destroyed
or the lire-of-sight obscured, an alternate station must be found.

The visit to the reference station also enables the survey party to plan
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the logistics and personnel requirements for deploying the electromic .
positioning system transponders. Must the station be attended? 1Is there
electrical power available? What is the travel time between reference
stations? '

Coordinate Conversion and Waypoint Position
To compare loran-C position fixes and electronic poutloning fixes, a

common planar (i.e., xy) coordinate system must be used. A local crlgin with
known state plane ccordinates (or latitude, longitude) must be chosen at a
central point in the survey area. If the entire harbor survey is done using
electronic positioning, it is not necessary to be able to measure TDs at the
local origin. The coordinates of the channel boundaries, fixed
aids-to-navigation, and reference stations must be calculated relative to the
local origin and the units converted from feet to kilometers.

The coordinates of waypoints are calculated based on the coordinates of
the channel edges. There are two general approaches for calculating waypoint
xy ocoordinates.

a. If the waypoint lies midway between two channel endpoints, the
coordinates for the waypoints are u.-ply the sum of the endpoint coordinates
divided by two. B8ee figure 11.

TN . wes (Gewad/y
' Y =LY+ Y3 Vg, :

Straight Corner
rigure 17

b. If the waypoint is located at a cutoff corner (see figure 18), the
waypoint must be calculated by using the channel edge data to write equations
for the channel centsrlines in the local coordinate system and then calculate
the intersection of the two centerlines. The equation for the centerlines can
be written in the following form:

Y-yl = K (x-x3)

y-y2 = M2(x-x3)

vhere x), Y1, are the coordinates of any point on the centerline

of channel one

%3, ¥2 are the coordinates of any point on the centerline of
channel two

M) is the tan of the course angle for channel one

M2 is the tan of the course angle for channel two
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The ocourse angles for the channel are usually listed in the COE data
or can be readily calculated frem two points on the channel edge,
€.g., M3 = tan ((¥y~¥3)/(Xg-X3)) in figure 18.

Cutoff Corner

Pigure 10

The coordinates of the waypoints in the local grid coordinates can be
converted to latitude and longitude by first converting back to state-plane
coordinates and then to latitude, longitude. The algorithms provided in
Reference 3 permit conversion to state-plane coordinates from latitude,
longitude and vice versa. The latitude and longitude of the waypoints are
useful for predicting waypoint TDs and for describing the waypoint location to
users.

Waypoint and Loran-C Chain Data Piles

The data analysis program for a harbor loran~-C TD survey using electronic
positioning augmentation, COMPAR, can be used during the the survey planning
and data analysis phases. User instructions for COMPAR are ocontained in
Appendix B. The program stores and uses three forms of base data files:
Waypoint, Loran-C chain data, and Electronic positioning reference ststion.
The loran=C chain file contains the transmitter geodetic positions,
transaitted power level and secondary emission delays. The waypoint files
store waypoint TDs, latitude, longitude, and xy coordinates relative to the
locsal origin. The waypoint file is a 25X8 matrix. Each row contains the data
for one waypoint. Waypoint 25 is assigned to the local origin. The waypoints
in the survey are divided into convenient sequences and numbered. A waypoint
file is created for each sequence. The number of waypoints in each sequence
is usually limited to twenty. This allows four spaces in the file for
trackpoints if needed. The local origin is stored in the waypoint 25 position
in each waypoint file. It is not necessary to be able to measure the 1Ds at
the local origin for an EPA sucvey.

Use COMPAR, the lLoran~C chain file, and geodetic positions of the
waypoints to predict the TDs for each waypoint. The predicted TDs, calculated
local xy coordinates, and geodetic coordinates of the wvaypoints can then be
stored in wvaypoint files.
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The reference station file must contain the state plane coordinates of the
reference stations. The coordinates of the reference stations are used with
the electronic positioning data to calculate vessel position.

Survey Plan Preparation

The aids to navigation at which the survey vessel will be stationed are
selected from the navigation chart for each waypoint. If available, several
aids which bracket the waypoint are chosen.

The TDSS can be used as a navigation aid when collecting electromic
positioning data. If no aids are available near the waypoint, the TDSS can be
used to station the vessel near the waypoint (preferred method) or maneuver in
a cloverleaf pattern about the waypoint. It also provides cross track and
along track position with respect to a trackline that is input in the form of
start and stop points. Therefore, the TDSS can be used along the channel
edges and the channel centerline (or any arbitrary trackline in the coverage
area of the electronic positioning system). The end points of tracks that
will be run to collect validation data can be recorded for use during the
survey. Typically, verification runs are made along both channel edges and
along the channel centerline.

DATA COLLECTION

Time Difference Survey System

The TDSS is designed to operate with the Mini-Ranger III Position
Determining System. The HP9845 Desktop Computer and Mini-~Ranger are connected
via 16 bit and BCD interfaces. The 16 bit interface provides remote control
of the Mini-Ranger; the BCD interface inputs range data.

Mini-Ranger.

The Mini-Ranger consists of a range console, control station
receiver/transmitter unit, and two remote reference stations. The system
operates in the 5400 to 5650 MHZ frequency band. Range resolution is one
meter. Standard deviations of the range measurement vary with distance to the
transponder (reference station). Typical values are 1 to 3 meters over the
span of ranges of 5 km to 27 km. Each transponder unit can be individually
calibrated to a known distance (see Mini-Ranger Calibratiom).

Graphics Display.

The TDSS provides two additional graphics display options when Mini-Ranger
data is collected. Vessel position is calculated from the range data for each
sample. The vessel position can be plotted on an xy or along/cross track
scale. The xy display plots position relative to a waypoint or a point of
interest (e.g., & fixed aid-to-navigation) entered in local coordinates. The
operator also selects the area about the waypoint (or point of interest) that
will be displayed. The along/cross track plot automatically scales the
vertical height of the plotting area on the CRT to the distance between the
start and stop points. The horizontal axes, cross track distance, is scaled
to 200 meters either side of the trackline.
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Mini~Ranger Calibration.

The Mini-Ranger is calibrated by adjusting measured distances for each
transponder to agree with a known distance. Calibration is accomplished in
the field using one of the methods below:

a. A calibration range is set up by marking off a distance in a clear
area where the transponders, control station R/T unit, and range console can
be set up. A distance of several hundred meters is sufficient for
calibration. The disadvantages of this approach are that the range console
and control station R/T unit must be removed from the survey vessel, and that
an accurate distance must be measured independently of the Mini-Ranger. An
advantage is that the calibration range can be set up in an area near the
survey vessel that is easy to access, e.g., a large parking lot or a straight
section of a lightly traveled roadway.

b. Use two existing survey markers as a calibration range. The
disadvantages of this approach are that the equipment must be removed from the
survey vessel and considerable time and travel may be involved to set up the
transponders. Advantages are that a calibration range does not have to be
measured and the survey markers can be chosen such that the calibration
distance is the same order of magnitude as ranges expected during the survey.

c. Moor the vessel to a fixed aid to navigation with known coordinates in
the survey area. Calculated distances between reference stations and the
fixed aid are used as the calibration range. This is an ideal situation if
such an aid exists and the transponders are visible from the vessel when it is
mocred to the aid. Care must be taken to measure offsets between the survey
marker and control station R/T unit.

Periodic checks of the Mini-Ranger calibration should be conducted during the
survey period. The calibration may be checked by using one of the above
calibration approaches or:

a. 1if it is possiole to cross the baseline between the two reference
stations, the minimum sum of ranges should equal the baseline distance.

b. if there is an unsurveyed fixed aid or any location within view of the
transponders where the survey vessel ma- be moored, ranges to the transponders
can be measured shortly after calibration and recorded. The survey vessel
periodically returns to this location to check that there is no change in the
measured ranges.

c. 1if there is a visual range in the survey area, the survey vessel is
centered on the range and cross track calculations are compared to visual
observations. Care must be taken that the trackline start and stop points
(e.g., waypoints) are entered correctly.

Waypoint Data

Loran-C TD and Mini-Ranger data are collected at aids-to-navigation near
the waypoint. The survey vessel is usually moored to the aid as a matter of
convenience. However, it is not necessary that tche vessel be still in the
water to collect data. If the .-1 state is such that it is not prudent to tie
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off to an aid, the data can be collected with the vessel stationed near the
aid using it as a reference. Between 25 and 50 data samples are sufficient at
each aid.

In the rare cases where there are no aids-to-navigation in the area of the
waypoint, the TDSS is used as an aid to navigation to position the survey
vessel near the waypoint. Some practice is necessary before using the TDSS to
position the vessel since there is approximately a 10 second delay (depending
on the sampling rate) after a sample is requested until the position is
plotted on the graphics display.

Occasionally the path between the survey vessel and reference station is
obscured by another vessel. The TDSS is designed to time out if a sample is
not received from the Miniranger within three seconds of a data request. A
"TIME OUT ERROR" warning statement is printed on the hard copy printer any
time a time out occurs and TD data is not collected.

If the range data received from the Mini-Ranger is not within 1 km of the
previous sample, the data is rejected and a "RANGE ERROR" is printed. This
feature automatically edits most multipath data. Occasionally a bad range
sample will pass the range test. These samples are easily detectable on the
xy or along/cross track plot. When such errors are observed, the sample
numbers should be recorded for later editing.

Waypoint Verification Data

Data to be used for waypoint verification and trackpoint calculation if
necessary is collected along channel edges and centerlines. The TDSS can be
used to provide near realtime along/cross track position information for both
channel edge and channel centerline data collection runs. It is not necessary
to maintain the vessel track accurately along the channel boundary or
centerline. Since position data is collected, a sample by sample comparison
of Loran—-C position fixes using calculated waypoints and Mini-Ranger position
fixes is possible. Data should be collected nominally along channel edges and
channel centerlines to evaluate the performance of Loran~C navigation over the
entire channel.

DATA ANALYSIS

COMPAR

A Hewlett Packard HP9845 desktop computer and the program, COMPAR, are
used to analyze the data collected during a harbor survey using electronic
positioning augmentation. The program, COMPAR, is a collection of special
function programs which can be used to:

a. calculate waypoint TDs and
b. evaluate the performance of the resultant waypoints.

The program COMPAR includes 19 function programs selected by special
function keys. The functions with short descriptions are divided into five
groups below.

Presurvey Planning Group
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a. Predict TDs, K20: This key calculates predicted TDs for am input
latitude, longitude based upon an all-sea water earth. The program also
outputs range and bearing to transmitter stations and GDOPs for the three TD
and two TD fixes.

b. File or Read Waypoint Data, K23: This key is used to create waypoint
table files and to edit and restore waypoint table files. It can also be used
to obtain a listing of the waypoint table. The waypoint table is a 25X8
matrix. The first four columns contain waypoint TD values (TDW, TDX, TDY,
TDZ). Columns five and six contain the xy position referenced to the local
origin. Columns seven and eight contain the latitude and longitude in decimal
degrees. Waypoint 25 (e.g. row 25) is designated as the local origin. The
latitude and longitude stored in this location are used by any program
function which calculates the local xy coordinates of the transmitters. If
the local origin is also one of a sequence of waypoints, its parameters will
be stored twice, i.e. in row 25 and in the row corresponding to its logical
waypoint number.

c¢. Store Chain Data, K26: This key stores Loran-C chain data
(transmitter geodetic positions, transmitter power levels, and secondary
emission delays) on a data file for later use. File names are a five
character neumonic for the particular Loran-C chain. The first four
characters are an abbreviation for the chain (e.g. NEUS, SEUS, GTLK, etc.).
The fifth character is a number from 1 to 4 which designates the configuration
of three TDs: 1 = XYZ, 2 = WXY,
3 = WXz, 4 = WYZ.

d. Store Reference Station Data, K28: This key is used to store
reference station coordinates on a file for use in converting range data to xy
coordinates.

Data File Handling Group

a. Read Data File, KO: This key reads time-difference (TD), range and
time-of-day data stored on magnetic tape. The range and TD data may be
corrected for known errors. If the range data is corrected, a lower case "r"
is annotated to the file name, F$. If TDs are corrected, a lower case "t" is
annotated to F$.

b. Edit Data, K16: This key is used to edit (i.e. remove) samples from
the data arrays. Four options are available to the user:

(1) The first option deletes a single data sample in each data array.

(2) The second deletes a block of data samples.

(3) The third deletes samples with TD samples outside a range that is
input by the operator.

(4) The fourth deletes samples with outliers in the range data. The
routine compares each range with the average of the previous and next sample.
If there is a difference of more than 100 meters, the sample is deleted.

Unfortunately, this technique usually deletes the outlier and the sample on
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each side of the outlier. This is normally not a significant problem, i.e.
nine samples will be deleted rather than three. The alternative is to detect
the outliers and the corresponding sample number using the Plot XY Position
function (K18) and use the single sample delete option.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only data samples. Arrays containing XY and
along/cross track position data are not affected. Functions Kl and K17 must
be repeated to reflect the editing on computed positions.

c. Link Data Files, K25: enables multiple data files to be loaded into
memory. Range and TD data can be corrected for each file entered. The total
number of samples must be equal to or less than 400. The function will
automatically ignore any samples which would cause this limit to be exceeded.

Statistics and Regression Group

a. Calculate Statistics and Linear Regression of TD Data, K2: This key
calculates statistics, linear regression coefficients, and minimum and maximum
for the four TD arrays. Statistics ahd regression parameters calculated are:

(1) mean for each TD

(2) standard deviation for each TD

(3) covariance of TD pairs

(4) correlation coefficient of each TD pair

(5) 1linear regression slopes of each TD pair

(6) standard deviation of residuals for each regression line

b. Plot TD Data with Regression Lines, K4: This key plots two of the
time-difference arrays against each other and also plots the linear regression
line for the TD pair chosen. The program automatically scales the plot for
the minimum and maximum TDs for each array. The axes are drawn through the
mean for each TD. Minor tic marks are every microsecond and major tic marks
every 10 microseconds.

¢. Plot Residuals, K5: This key plots the residuals from the linear
regression of any TD pair (See K2). The residuals may be plotted against
sample number or the independent variable. Residuals are normalized to the
standard deviation of the residuals. Normalized values greater than 5 are
printed on the hard copy printer and are not plotted.

*: Position Calculation Group

a. Convert Mini-Ranger Data to XY and Along/Cross Track Position, Kl:
This key converts Miniranger range data to cartesian xy coordinates relative
to a local origin. Cross track and along track data are also calculated.

) Trilateration is used to calculate xy position using distances measured to two
] reference stations and the distance between reference stations. Cross track
Co and along track position are calculated relative to a trackline between two
waypoints.
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b. Convert Loran-C Data to XY and Along/Cross Track Positiom, KL7: This
key converts TD data to xy and along/cross track positions using the FEHG
algorithm and surveyed waypoints. The program will compute either a three or
two TD solution. A summary table is printed on the hard copy printer which
lists:

-chain and LOPs used in the solution

-file name

-bearing angle between waypoints used for along/cross track calculation
-rms trackline of data

-average cross track position

~gtandard deviation of cross track position

-average Xy position

-standard deviation of xy position data

c. Plot XY Position, K18: This key plots the xy data calculated from
Loran-C TDs and/or Mini-ranger data. Four options are available:

(1) Mini-ranger data only

(2) Loran-C data only

(3) Mini-ranger and Loran-C data
(4) Error plot .

The first two options allow the operator to blow-up a section of the plot, to
find the sample of numbers of outliers, and to digitize up to 10 locations on
the plot. A hard copy option is provided with all four plots. The "Error
plot" plots a vector at each sample. The tail of the vector is the
mini-ranger position fix; the head (denoted by a "o'") is the Loran-C position
fix.

d. File or Read Waypoint Data, K23: See Presurvey Planning

e. Plot Along/Cross Track Data, K19: This key plots cross track vs along
track position. Three options are available:

(1) Mini-ranger data
(2) Loran-~C data
(3) Mini-ranger and Loran-C data

Waypoint Evaluation Group

a. Compare Mini-Ranger and Loran-C Position Data, K3: This key compares
Loran-C derived position with miniranger calculated position. Mini-ranger
positions are assumed to be "truth" and the difference between the Loran-C
position and Mini-ranger position is the Loran-C position error. Two sets of
position errors are calculated, XY and along/cross track. The XY errors are a
direct comparison between Mini-ranger and Loran-C derived positions. The
Miniranger along/cross track position is based on the local coordinates of the
waypoints. The Loran-C along/cross track position is relative to the course
line calculated from the difference in TDs between waypoints.

The following parameters are calculated:




(1) average x and y position error

(2) rms x and y position error

(3) average along and cross track error

(4) rms along and cross track error

(5) rms radial error based on xy position errors

(6) rms radial error base on along/cross track errors

b. Calculate TD Grid Warp, K21: This key calculates the difference
between measured TDs and TDs projected from a nearby waypoint. This
difference is termed "TD grid warp" and is basically a measure of the change
in Additional Secondary Phase Factor (ASF) over the area where data was
collected. TDs are projected from the waypoint to the measurement point based
on the difference between the measured and waypoint positions. There is a
small error in the calculation due to use of a flat earth model for
transmitter locations. This error is typically less than 40 nanosec within
12KM of the waypoint.

c. Plot XY Position, K18: See Position Calculation Group.
d. Plot Along/Cross Track Data, K19: See Position Calculation Group.

Waypoint Calculations

The primary method to calculate waypoint TDs is to "reflect" TDs collected
near a waypoint to the waypoint. The "reflect" function (see K27) calculates
the difference in TDs between the measurement position and the waypoint
position. This difference is applied as a correction to the measured TDs for
each sample. The mean and standard deviation of the "reflected" TDs are then
calculated.

The standard deviation of the reflected TDs are normally slightly larger
than the standard deviations of data collected at dockside. Outliers in the
Mini-ranger data are the usual cause of high standard deviations in the
reflected TD data. It is a good practice to edit the data for range errors
(K16, option 4) prior to reflecting the data to the waypoint.

Data can be collected at several points near a waypoint (typically moored
to or stationed near a buoy in the vicinity of the waypoint). An optional
data collection technique is to maneuver the survey vessel in a cloverleaf
pattern centered at the waypoint. Waypoint TD estimates are calculated from
each data file. The results are compared to each as a check for errors.
Agreement to within 20 to 30 nanoseconds of the mean can be expected.
Differences are the results of estimation errors due to noise, uncorrected TD
offsets, the difference in distance between the measurement positions and the
waypoint, uncorrected range errors, etc. It is the judgement of the data
analyst how to combine the waypoint TD estimates for each data file to form
the final TD estimate. The most straightforward approach is to average the
estimates. Figure 19 is a flow chart for calculating waypoints TDs.

Note that the "Daisy Chain" function is not used to calculate waypoint xy
coordinates. The COE based coordinates are retained in the waypoint file.
The "Daisy Chain" function is used to check that the range and bearing
calculated between waypoints using the difference in TDs is approximately the
same as calculated using the COE based coordinates.
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.For each data file collected near the waypoint of interest
-Read data file (KO)

Correct range data
Correct TD data

~-Edit data for range errors (K16, optiom 4)
-Convert range data to xy position (K1)
-Reflect TDs to waypoint of interest (K27)

.Calculate final waypoint estimate (i.e. average results
from each data file)

.Store waypoint TDs in waypoint file (K23)

.Do not change xy position of waypoint

FLOWCHART OF WAYPOINT CALCULATIONS, EPA SURVEY

FIGURE 19




Waypoint Verification

The TD and Mini-Ranger data files collected along channel edges and
centerlines can be used to compare the position fixes obtsimed from
Mini-ranger and the positions calculated from the TDs using calculated
waypoints. This comparison provides a verification of the waypoint
calculations, provides a measure of performance which may be expected using
a Loran-C navigation device (e.g., PILOT), and enables the data analyst to
decide if a trackpoint is necessary between waypoints.

The coordinate system for waypoints and Mini-ranger reference stations
are based on Army Corps of Engineers (COE) dredging data. The COE
coordinates are in state plane coordinates. These coordinates can be
translated to local coordinates by subtracting the state plane coordinates
of the local origin and changing units from feet to kilometers. Waypoints
are calculated as the intersection of channel centerlines. (See Presurvey
Planning.)

The position fixes for Mini-ranger data are computed using
trilateration. Along and crosstrack positions are based on the range and
bearing calculated between tabulated waypoint coordinates.

The Flat Earth Hyperbolic Grid (FEHG) algorithm is used to compute xy
coordinates from TD data (K17). Inputs to the algorithm are calculated
waypoint TDs, waypoint xy coordinates and transmitter xy coordinates. The
transmitter xy coordinates are referenced to the local origin. The FEHG
algorithm is also used to calculate the coordinates of the next waypoint for
along/cross track calculations.

The function "Compare Mini-ranger and Loran-C Position Data" (K3)
calculates the difference in xy position and along/cross track position for
each data sample and the mean and rms values of the differences for the data
get. If the Mini-ranger positions are assumed to be "truth," the result is
an evaluation of the accuracy of the Loran-C fixes for the data set. Plots
are provided for the xy "errors" and along/cross track "errors." Plots of
the xy data and along/cross track data on the same axes are also available
(K18 and K19).

One must be careful to compare "oranges to oranges" when evaluating the
"error" statistics and plots generated by the function K3. The domain in
which a Loran-C harbor navigation device (e.g. PILOT) operates is distances
relative to a trackline defined by two waypoints (i.e. along/cross track).
The xy "error" data is interesting, but its only significance is that the x
and y errors should approach zero near the "T0" waypoint (along track
distance = 0). Large xy errors near the "TO" waypoint is indicative of an
error in the waypoint, the Mini-ranger data, or the Loran-C data.

The along/cross track "errors" are the more significant. If both the
waypoint "TO" and “FROM" waypoint calculations are correct, the cross track
distance "errors" at each end of the trackline will be near zero. The along
track distance errors should converge to zero at the "TO" waypoint. Note
that for the Mini-ranger data, along and cross track distance are calculated
using the distance and bearing calculated between the waypoint coordinates
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determined from COE dredging data (see Figure 20). For the Loran-C data,
the "TO" waypoint xy coordinates are the same as those used in the
Mini-Ranger calculations. The “FROM" waypoint coordinates (Qy in Figure

20) are calculated using the FEHG algorithm and the waypoint TDs. The range
and bearing between P and Q; (Ry and Ajy) are not, in general, equal to

the range and bearing between P and Q) (R; and A;).

Trackpoint Calculations

Cross track error is the best measure of the expected performance of
Loran-C navigation between waypoints. The plot of the cross track error may
exhibit a "bow" between the waypoints. That is, the error will be near zero
at both endpoints, and there will be a well defined offset somewhere near
the halfway point. The severity of this bow and the channel dimensions are
the factors which must be evaluated to determine if a track point is
necessary. A trackpoint is basically a waypoint located on the centerline
between two waypoints. The data analyst determines the location of a
trackpoint(s) by inspecting the cross track error plot. The along track
distance where a trackpoint(s) is needed is recorded. The functionm,
Calculate Grid Warp (see K21), is used to calculate the difference between
the measured TDs and the TDs projected from the waypoint based on the
difference in position between the waypoint and measurement point. The
differences are plotted against along track distance. The correction to be
applied at the trackpoint for each TD can be picked off the error plot at
the along track distance the trackpoint is to be located. The ideal TD at
the trackpoint is calculated using the TD Move (K24) function. The
trackpoint TD is equal to the ideal TD plus the correction determined from
the TD error plot. A sample worksheet for calculating trackpoints is shown
in Figure 22.
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P - Waypoint "!6' xy position; calculated from COB
dredging data; storad in waypoint table

Q1 - Waypoint °FPROM® xy position; calculated from
COB dredging data; stored in waypoint table

Q2 - Waypoint "PROM" xy position calculated using
PEHG algorithm referenced to P

A} - bearing from P to Q)
A2 = bearing from P to Q2
Ry - cange from P to O}

Rz - range from P to Q2 1

PIGURE 20
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.Read data file (KO)

Correct range data
Correct TD data

.Edit data for range errors (K16, option &)
.Convert range data to xy position (K1)

.Convert TD data to xy position (K17)
(Use same "TO" and "FROM" waypoints as above)

.Compare the two sets of xy data (K3)

.Plot xy data (K18) - optional

.Plot along/cross track data (K19) - optional
.If cross track errors are significant

Calculate grid warp (K21)
Calculate track point

SUMMARY OF PROCEDURE TO COMPARE POSITION DATA
CALCULATED FROM MINI-RANGER AND LORAN-C

FIGURE 21

54

P e S P ue et S e



1A 1

Sh v v——— ¢+

R i £ 1

TRACKPOINT CALCULATIONS (EPA SURVEY)

.Trackpoint between WP and WP
.Trackpoint location; from WP
Range =
Bearing =

.For "MOVE" of R, B from WP

dTDW = dTDX dTDY dTDZ
dX = dy =

.For WP

TDW TDX ) TDY TDZ
X= Y=

.TD(WP___) + dTD = FIRST ESTIMATE OF TRACKPOINT

TDW = DX = TDY = TDZ =
.For TD "WARP" Plot; TD corrections are:

cTDW = cIDX = cTDY = cTDZ =
.Trackpoint TD = FIRST ESTIMATE + CORRECTION

TDW = TDX = TDY = TDZ =

.Trackpoint XY

X(TP) = X(WP__) + dX Y(TP) = Y(WP___) + dY
X(TP) = Y{TP) =

TRACKPOINT CALCULATION WORKSHEET

FIGURE 22




PERSONNEL, SCHEDULING AND TRAINING

|
1
!

PERSONNEL

The minimum recommended survey crew for a Visual Reference Survey is
three. Two of the survey crew collect data aboard the survey vessel; the
other remains behind to analyze data and provide necessary support. These
duties should be rotated during the survey. When Mini-Ranger is used for a
position reference, the survey crew increases to four or five. One or two
additional personnel are required to setup and, if necessary, man the
reference station units.

SCHEDULING

A typical harbor area with 20-25 waypoints will require less than two
weeks to survey. For the test surveys of New York Harbor and Delaware Bay
and River the survey equipment was installed and tested on a Monday; data
was collected Tuesday through Friday and Monday through Wednesday of the
following week; the weekend was used for preliminary data analysis. The
equipment was removed from the survey vessel in approximately three hours.

A typical survey day is 10-14 hours from equipment turn-on in the morning to
the final set of dockside reading upon return.

The New York (EPA) survey required several visits to the New York area
to visit the COE, locate reference stations, and become familiar with the
area. For a Visual Reference Survey a presurvey visit to the area to be
surveyed is recommended. For an EPA survey, the presurvey visit is
esgential.

TRAINING

The members of the survey team should be familiar and/or receive
training in the following areas:

a. Hewlett Packard HP9845 Desktop Computer
. b. Austron 5000 Loran-C Receiver

¢. Motorola Mini-Ranger

d. Basic Statistics

e. Linear Regression Theory

f. Coordinate conversion algorithms, particularly the FEHG algorithm
used in PILOT equipment

g. State Plane Coordinates

SURVEY VESSEL

The ideal survey vessel is 30-40 feet long with a draft of 2-3 feet. It
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has twin screw or stern drive propulsion and AC generator capacity of
approximately 5 kilowatts. Maximum speed is 20-25 knots. There should be
both interior and flying bridge controls. The cabin area should provide a
large work area which includes a chart table, space for the TDSS, and a desk
for data analysis. Electronic equipment should include a fathometer and a
VHF FM radio.

Unfortunately, such a vessel is not currently in the Coast Guard fleet.
A 65 foot harbor tug (WYTL) was used successfully to conduct harbor surveys
in New York Harbor and Delaware Bay and River. There is enough space in the
pilot house for the HP9845 computer and Mini-Ranger control unit. In one
survey the Austron 5000 was located on the mess deck and in the CPO Quarters
for the other. 1In both cases the TDSS was operated without the UPS, and no
difficulties related to electrical power were experienced.

A commercial vessel was used for each of the surveys of the St. Marys
! River. For the survey of the Mini~chain, a 33 foot Egg Harbor was the
survey vessel. There was sufficient working space in the main cabin when
all the furniture was removed. A 38 foot houseboat was used for the survey
of the Great Lakes Chain. The houseboat provided ideal working space, but
was not as sea worthy as the Egg Harbor. 1In both of the St. Marys River
surveys, the survey crew operated the survey vessel. This provided
increased flexibility for scheduling survey operations, but is more
demanding of the survey crew.

IMPROVEMENTS

S g, e
P

The sections below describe areas for improvement and expanded
capability (and utility) of the TDSS. Analysis software development to
? support the expanded utility of the TDSS is also described. An area for ]
¥ follow on development work is discussed in SURVEY TECHNIQUES. ]

TDSS

Design changes to the TDSS software were frozen in November 1980.
. Several of the following changes were not considered essential to the TDSS
L handoff.

; Initialization

vy In the current version of the TDSS software, the parameters for the TD

: graphics display (origin, minimum and maximum limits) must be inserted
manually. A revision of the data collection initialization software to
minimize the number of manual entries will simplify the setup for data
collection during a visual reference survey. This revision can be
implemented by reading the waypoint file (with predicted or measured data)

y into computer memory. The operator would then enter waypoint number rather

‘ than TD values. Plot limits could be input relative to the waypoint (e.g.,

-1.0, +2 microseconds for X-axis; -3, +2 microseconds for Y-axis)

On-Line TD to XY Coordinate Conversion

Verification data is processed during the data analysis phase of the
survey. If an on-line TD-XY coordinate conversion capability existed within
the TDSS, the positions fixes (along/cross track) could be compared to a
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visual range as check of calculated waypoints and the requirement for a
trackpoint as the data was collected. The convetrsion algorithm subroutines
in TLS1 and COMPAR (Fehg and Fehgt) can be easily added to the TDSS
software. The along/cross track and xy plots used during EPA survey can
also be used to plot position data calculated from TD data. The addition of
on-line TD to xy conversion will also provide the capability to use the TDSS
to demonstrate Loran-C positioning in harbor areas before a set of PILOT
tapes is developed.

Data Storage

Additional information stored on the data tape would assist data
analysis. The provision for a comments section to be stored with each data
file would allow notes taken by the survey party to be recorded with the
data on magnetic tape. The data analyst would then be provided with a short
description of the data set, samples to be edited, etc., when the tape was
read into the HP9845.

When reducing the data collected during an EPA survey, the analyst must
refer to the survey notebook for the file names which contain the reference
station data used for the survey data run. He must also enter which station
the "R1" transponder was located. This data could be stored as part of each
data file and input with the TD, range, and time data.

Loran—-C Receiver

The Austron-5000 Loran-C Receiver is a heavy and bulky piece of
electronics equipment. It is also more complicated to operate than most
modern Loran~C receivers. A compact modern Loran-C receiver with 10
nanosecond resolution (e.g., Internav 404) would simplify transportation,
survey vessel installation, and operation of the TDSS.

The advantages of the Austron-5000 are that its performance is well
known; it is standard Coast Guard equipment; it has a fixed multi-notch
filter chassis; and it is more versatile than most Loran-C receivers
designed for commercial use.

Expand Positioning System Capability

Motorola Mini-Ranger was chosen as the electronic position reference for
the TDSS because it met the performance requirements and a set of equipmeat
was on hand during the TDSS development. Other systems (e.g., Cubic
AUTOTAPE) are capable of providing satisfactory position data for EPA
surveys. The TDSS can have a wider range of application if the software is
also expanded to interface to longer range positioning systems such as
RAYDIST, ARGO, etc. It could then be used for chart verification in CCZ
areas as well as harbor surveys.

' Modified TDSS

A prototype TDSS designed to use an Internav 404 Loran-C receiver has
been designed and implemented. It uses the same basic data collection
routines as the Austron 5000 TDSS but dispenses with the receiver control
portion of the program. The HP 9845 calculator receives a line of TD data
from the COMMS port of the receiver in much the same way as is employed in
the PILOT user equipment. A TTL to EIA level shifter is employed between
the receiver COMMS port (TTL) and the RS-232 gerial interface on the HP 9845.
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The Internav 404 TDSS utilizes special function keys 1 through 7. The
functions are displayed at program initialization and are listed below.

Kl PAUSE
] R2 CONTINUE
K3 DATA COLLECT
' K4 START
K5 STOP
K6 STATS
K7 SIGN

These functions are identical to those described in table 2.

The LC 404 TDSS program entitled 404S was successfully used to verify a
visual survey of the St. Laurence River. The EPA portion of the program was
revised and successfully implemented in a survey of the Strait of Juan de
Fuca (Washington state). Unlike the Austron 5000, the tracking loop time
constant on the LC 404 receiver is fixed at approximately 8 seconds. Thus
it is not as responsive to changes in velocity. Care must be taken by the
survey party to smoothly maneuver, accelerate and decelerate the survey
vessel. To insure independent samples, a sample period of no less than 15
seconds should be selected during data collection.

¥ DATA ANALYSIS SOFTWARE
a The programs TLS1 and COMPAR have grown near the limits of available
memory in the HP9845. The addition of a function to either program will
probably require that an existing function and its associated subprograms be
Ag\ deleted. Care must be taken when deleting a subprogram since it may be used
\ by several program functions. Appendices A and B each contain a list of
-" their subprograms and the program functions where they are used. Another
note of caution is that subprograms in TLS1 and COMPAR with the same name
i may not be identical, particularly plot subprograms.

Expand TD to Position Coordinate Conversion Capability

, The TDSS can be used to demonstrate Loran-C navigation and/or evaluate
L TD to position coordinate conversion algorithms with the addition of the

{% conversion software in the form of subprograms. The design of the TDSS

: software allows such expansion to be added without significant changes to
v the basic program structure. The changes are equivalent to changing a

Co printed circuit board module in electronics equipment.

. Expand "Grid Warp"

The function calculate Grid Warp in COMPAR calculates the difference
between predicted TDs and measured TDs for a data set. The predicted TDs
are about a known reference point based on the difference in distances to

) the transmitters between the measured data position and the reference point
; and measured TDs at the reference point. If the additional secondary phase
i factor, ASF, is constant in the area about the reference point, the measured
and predicted TDs will agree. Changes in ASF over the area will be seen as
; "grid warp." This function can be expanded to analyze data collected over a
I large area in the CCZ to determine the behavior of ASF by calculating
} predicted TDs minus measured TDs. Predicted TDs are calculated using
' : standard techniques (e.g., EEE-10) and position data collected from a long
range positioning system.

—pera————— e L




Develop Self-Calibrate Software

The concept of user self-calibration is discussed in the following
section. Analysis software to demonstrate this approach must be developed,
while the TDSS could be used without modification to collect data for this
demonstration.

SURVEY TECHNIQUES

Self-Calibration

The concept of user self-calibration is that Loran-C user equipment can
be designed to collect data on several trips into and out of a harbor area
and this data then used to calculate an average inbound and outbound
trackline. The inbound and outbound tracklines can be divided into
convenient segments for display on a CRT. A straight line or curve must be
fit to the data. The user equipment can plot the average trackline and ship
position calculated from measured TDs. Alphanumerics on the display can
indicate cross track distance, cross track speed, and speed over ground.
The approach is similar to a track plotter. A track plotter could be used
to plot inbound and cutbound tracklines for a harbor. The plot would then
be saved until the next visit by the vessel to the harbor. With the pen in
the up position, current ship position indicated by the point of the pen
could be compared to the trackline plotted previously. A limitation of this
approach is the scaling necessary to display the entire harbor area on the
plotting surface or the necessity to change paper several times during a ;
transit. This technique would also not provide a means for calculating
cross track distance.

Demonstration of the user self-calibration technique can remove the
Coast Guard from the harbor survey business. It would be up to each
manufacturer to develop a specific calibration technique for its equipment.
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APPENDIX A

' TLS1l, Data Analysis Software for Visual Reference Survey
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DOCUMENTATION FOR PROGRAM "TLS1"
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PROGRAM APPLICATIONS, "TLS1"

The program "TLS1" is a collection of special function programs used to
analyze data collected during a Loran-C Harbor Survey using visual aids to
navigation and channel features as s position reference. The major functions
of the program are:

a. calculate waypoint Loran-C time differences
b. evaluate the performance of the resultant waypoints

The following is a set of general procedures to use in applying TLSl to
analyze data collected during a harbor survey using visual aids to navigation
as the position reference. :

PRELIMINARIES. Waypoint table and Loran-C chain data, data files are
necessary for complete data analysis. The waypoint table file contains
time-differences, local xy coordinates, latitude and longitude for twenty-five
waypoints (see K23). The Loran-C chain data file contains latitude and
lougitude and power level for three secondaries and the master and the
emission delays for the three secondaries (see K26). The waypoint table and
Loran~C chain data data files are prepared during the survey planning stages.
It is convenient to have the waypoint table file(s) and chain data file on the
same data tape cartridge.

The Loran-C TD data may be corrected for known offsets (see KO) during the
time period that data was collected. Offsets can be determined from a local
monitor TD record and data from the system area monitor.

WAYPOINT CALCULATISNS. Waypoint calculations are divided into two categories:

a. waypoints defined by the intersection of two channel centerlines which
are both marked by visual ranges.

- b, waypoints defined by the intersection of two channel centerlines which
one or both are not marked by a visual range.

Visual Range Solution:

For the case where the waypoint is defined by the intersection of two visual
ranges, data will have been collected on each range line and stored in a data
file. The term, trackline, is used for the survey line along one of the
visual ranges. Tracklines are run near the waypoint and optimally bracket the
waypoint. Typically a trackline data file contains three to four runs along
the trackline. For each pair of TDs collected, a straight line is fitted to
the trackline data. The intersection of the lines fitted to each trackline is
an estimate of the waypoint TDs. The function, Compute Waypoint (K21),
performs the above calculations. Figure 1 is a flow chart of the procedure to
be used to calculate waypoint TDs for a waypoint defined by the intersection
of two visual ranges.
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The function, Compute Waypoint (K21), calculates statistics and linear
regression parameters for each TD pair of data collected for the two trackline
data files and the intersection of the regression lines for each TD pair. The
crossing angle of the regression lines and the estimated rms error of the
waypoint estimate (intersection of regression lines) are calculated and the
results are printed in tabular fora.

The quality of the trackline data csn be checked by examining the
correlation coefficient and residuals for each TD pair. Four TD pairs can be
collected, but it is rare that all four provide useful data. In most cases,
there are three good TDs available The correlatiogn coefficient and residuals
are a measure of how good the trackline data fits a straight line. If the
vessel track were a perfect straight line, the residuals would be slightly
greater than the standard deviations observed at dockside. A "noisy" vessel
track will show up in larger residuals. A typical range in residuals is ,.025
to .060 microseconds. Ome's ability to detect if the survey vessel is on or
off the range decreases as distance to the range markers increase. Therefore,
tracklines run at the far end of the range will tend to have larger residuals
than tracklines nearer the range markers. In some cases, portions of
tracklines run with the range markers "over the shoulder" may cause problems
due to poor track keeping. The survey officers notebook should be checked for
comments concerning suspect data. Suspect data can be removed using the Edit
(K16) function. TD Statistics and Regression (K2), Plot TD Data with
Regression Lines (K4) and Plot Residuals (K5) are useful functioas for
detecting suspect data and identifying sample numbers to delete.

The estimated rms error and the closure between waypoint solutions is a
good indication of waypoint quality. Estimated rms error is a function of
trackline residuals, crossing angles, number of samples, and the survey
pattern. Reducing trackline residuals by editing suspect data will reduce rms
error in the waypoint solution. Crossing angles are fixed by the
configuration of the channel and the Loran-C chain geometry. The rms.error is
inversely proportional to the square root of the number of samplea. The error
is minimum when the survey tracklines form an X pattern. The difference
between an X pattern and a V pattern is a factor by two. Editing data to
better bracket the waypoint can improve the calculated rms error. Note: it
is not a good practice to edit data such that the trackline does not reach the
waypoint.

1f there are three TD data arrays, there.will be two solutions for the
waypoint value of each TD. If four TDs are collected, there will be three
solutions for each waypoint TD. The term, closure, is used to describe the
agreement between solutions. If two solutions have low estimated rms errors

(e.g., less than 20 nanoseconds), there should be good closure between the
solutions,

The waypoint TD estimate with the lowest estimated rms error should be
chosen as the waypoint value. If two solutions have approximately the same
rms error, they may be averaged.
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*Calculate intersection of survey tracklines (K21)

*Check quality of trackline data and waypoint solution.
*correlation coefficients (greater than ,.95)
*trackline residuals (20-60ns)

‘estimated rms of waypoint solutions
*closure of waypoint solutions
*crogsing angles

*If data not satisfactory, edit and restore data files, and recompute
waypoint.

*If results still not satisfactory, resurvey waypoint.

*Choose waypoint estimated with lowest estimated rms error as waypoint
value.

*Store TD data in waypoint file.

*Calculate and store waypoint xy in waypoint file.

Waypoint Calculation -Visual Range Solution

Figure 1

Non-Visual Range Solutiom:

An iterative approach has been developed for the situations where there is
only one or no visual range available. In this case, TD data is collected
along channel edges, the channel centerline (if a range is available), and at
aids-to-navigation near the waypoint and along channel edges. The TDs of a
fixed aid near the waypoint (a buoy may be used if it is the only aid
available) are stored temporarily as the waypoint TDs (K27). The
corresponding xy coordinates are calculated using the Daisy Chain (K22)
function from the local origin or adjacent waypoint. The offset of the
vaypoint from the aid-to-navigation is estimated from the navigation chart for
the area and used in the Move (K24) function to calculate the waypoint TDs.

The TD data collected in the area around the waypoint is converted to xy
and along/cross track position coordinates using function K17, Convert TD Data
to xy and AT/CT. The converted data is plotted and compared to the navigation
chart. Punction K18, Plot XY Data, will plot the position data on the CRT or
9872A plotter. The plot can be scaled to a navigation chart scale (e.g.,
1:10,000, 1:20,000, 1:40,000, 1:80,000) or automatically scaled for the range
of xy data. The function K19, Plot Along/Cross Track Data, automatically
scales and plots the calculated cross track vs along track data,

e et

The xy and along track plots are compared to the navigation chart (and COE
dredging charts if available). I1f the plotted data is consistent with the
chart, then the calculated waypoint TD coordinates are good. If the plotted
data and navigation chart do not agree, the offset of the waypoint is
determined from the plots. The waypoint is "moved" using K24 end the xy and
cross track data is recalculated and replotted. This process is repeated
until the plotted data greees with the ﬁ;vigation chart.,
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*Store the TDs of a fixed or floating aid-to-navigation near the
waypoint as a temporary waypoint (K23).

*Offset the TDs from the fixed or floating aid near the waypoint to the
waypoint (K24).

*Convert TD data collected along channel edges, channel centerlines, and
at aids to navigation to xy and along/cross track coordinates (K17).

*If xy and along/cross track data plots (K18, K19) do not agree with
“reality," then use MOVE function (K24) to reposition waypoint uatil data
and "reality" agree (repeat K17, K18, K19).

*Store waypoint TD and xy in waypoint file.

WAYPOINT CALCULATIONS - CHANNEL EDGE DATA
Figure 2

WAYPOINT VERIFICATION. There are two general approaches to waypoint
verification. 1f the waypoint was calculated using the channel edge
technique: the waypoint calculations are verified in the process of
calculating the waypoint. The waypoint TDs are modified until position data
converted from TDs for channel edges and aids-to-navigation agreed with the
navigation chart.

In the case where the waypoint is defined by the intersection of two
ranges, data is collected along the entire length of the channel centerline
during the survey. Data is usually also collected along channel edges and at
several aids-to-navigation. Data collected along the channel centerline is
converted to xy and along/cross track coordinates using function Kl17. - The
plot of cross track vs along track (K19) is the best indicator of waypoint
quality. If both waypoints are good and the vessel track was close to the
centerline over the entire length of the channel, the cross track distance
will be zero or near zero at both endpoints (e.g., at the waypoints). There
may be a slight "bow" in cross track near the midpoint of the channel length.
If the bow is severe a trackpoint can be inserted between waypoints. If the
cross track distance is not near zero at one or both waypoints, recheck the
waypoint calculations and check the survey notebook for comments as to whether
the vessel was on range, It is good survey practice to collect data along the
entire length of the channel several times during the survey. Several of
these runs should be checked for consistent results before it is concluded
that a waypoint is in error or a trackpoint is necessary. Data along channel
edges and at aids-to-navigation is also converted to xy and along/cross track
position and plotted (K18 and K19). The plots are compared to the navigation
charts and COE data for agreement.

Another check of waypoint calculations is to calculate xy positions (using
3 TDs) for TD data collected in an area near the waypoint and use the project
function, K27, to calculate the average TD fix triangle. The project function
is the inverse of the Convert TD to XY and AT/CT function (K17). For each xy
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position, a set of TD values is calculated based on the distance from the
waypoint position and the waypoint TDs. These calculated TDs are differenced
from the measured TDs for each data sample. Statistics for the resultant
differences are calculated and a summary table is printed on the hard copy
printer.

B

' ' TRACKPOINT CALCULATION. The location of a trackpoint is determined from the
along/cross track plot (K19). The trackpoint is generally selected where the
"bow" in the plot is the maximum. The Move function, K24, in the range
bearing mode is first used to calculate the "ideal" TD and xy at the range
! : from the waypoint where the trackpoint is to be located. The changes in TD

; and xy calculated by K24 are applied to the waypoint values and stored in the
waypoint table, K27, as the TD and xy for the trackpoint. These trackpoint TD
and xy coordinate values are an interpolation between the two waypoints
i bracketing the channel. To provide &8 correction for the "bow" in the
| : along/cross track plot, the Move function is used to offset the trackpoint in
’ the direction and equal to the magnitude of the "bow." The resultant
calculations are applied to the trackpoint. The trackpoint coordinates are
then used as the "to" waypoint for Td to xy calculations and the resultant
3 along/cross positions are replotted as a check of the trackpoint
F calculations. In some cases there may be a requirement for more than one
trackpoint. Additional trackpoints are calculated as outlined above using the
first trackpoint as one of the two waypoints.

O

Rows 1-20 of the waypoint table are generally set aside for waypoints, row
25 contains the data for the local origin. Rows 21-24 are used for
trackpoints.




TRACK POINT WORKSHEET

Track point calculations:

*Trackpoint between WF and WP

; *Distance of Track point from WP » R=
|
i *Bearing from WP s B=
|| ’
B *Results of move of R&B from WP( ):
: dTDX = dIDY = dTDZ =
3 wp( ) TDX = TDY = TDZ =
! First Estimate . . , :
of Trackpoint
WP( ) Position X= Y=
dx = dy =

First Estimate of ,
_Trackpoint XY

*Trackpoint stored as WP

*Magnitude of offset (e.g., BOW), M =

*Move Trackpoint; R = M, B = B+90
*Recalculate xy data using trackpoint

. *Replot CT/AT data

‘Reminder: Re-store waypoint table on waypoint file




Data Analysis Software

Function: Read Data File
Special function key: KO
Subprograms:

Read (W(*), X(%*), Y(*), Z(*), RL(*), R2(*), U$(*), N, P$)
Read_alt(W(¥*), X(*), Y(*), z(*), U$(*), N, F$)

The program function reads time-difference (TD) and time-of-day data stored on
magunetic tape. The TD data may be corrected for known errors. If TDs are
corrected, a lower case "t" is annotated to F§.

Input parameters:

F$ - File name

Td_cor$ - Indicates if TD data is to be corrected, "Y" = yes, "N" = no.
Weor - correction to W(¥*)

Xcor - correction to X(¥)

Ycor - correction to Y(¥*)

Zcor - correction to Z(¥)

Output parameters:

W(*) - TDW data

X(*) - TDX data

Y(*) - TDY data

Z(*) - TDZ data

R1(*) - Range 1 data (Not used)

R2(*) - Range 2 data (Not used)

U$(*) - Time-of-day data -

N - number of samples

F$ - annotated file name,
F$&"t" = TD data corrected

User Instructions:
Prerequisite functions: None
1. Insert data tape into left hand tape transport.

2, Press KO. The menu is cleared and "READ DATA FILE" appears on the CRT in
inverse video.

3. when "DATA FILE TYPE? TD&RANGEl OR TD ONLY2" appears on the display line:

a. If the data file contains both TD and range data arrays (e.g. post
Delavare data or reformatted Delaware data):
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4.

The

5.

6.

(1) Enter: 1
(2) Press: CONT
b. If the data file contains only TD arrays (e.g. Delaware and
pre-Delaware data)
(1) Enter: 2
(2) Press: CONT

When "File Name?" appears in display area:

a. Enter: File name
b. Press: CONT

file is read and the file name and number of samples are printed.
When "CORRECTION TO TDs? Y/N" appears in display area:
a., If you want to correct TD data:

(1) Enter: Y
(2) Press: CONT
(3) Go to Step 6
b. If you do not want to correct TD data:

(1) Enter: N
(2) Press: CONT
(3) Go to Step 10

The start and stop times for the data collected will be printed. When

“CORRECTION TO TDW(MICROSEC)?" appears in display area:

7.

a. Enter: correction to TDW data in microseconds -
b. Press: CONT

When "CORRECTION TO TDX(MICROSEC)?" appears in display area:

a. Enter: correction to TDX data in microseconds

8.

9.

The

10.
CRT.

b. Press: CONT
When "CORRECTION TO TDY(MICROSEC)?" appears in display area:

a. Enter: correction to TDY data in microseconds
b. Press: CONT

When "CORRECTION TO TDZ(MICROSEC)?" appears in display area:

a. Enter: correction to TDZ data in microseconds
b. Press: CONT

corrections entered for each TD will be printed #nd titled.

The program function is complete. The function menu is printed on the




Punction: Calculate Statistics and Linear Regression of TD Data
Special Function Key: K2
Subprograms:

Stat_mat W(*), X(*), Y(*), Z(*), Stat(*), Cov(*), O_set(*), N)
Reg (Stat(*), Cov(*), 8(*), R(*), O set(*))
Print (Stat(*), O _set(*), Cov(*), R(*), ¥, V)

This progrlﬁ function calculates statistics, linear regression coefficients,
and minimum and maximum for the four TD arrays. Statistics and regression
parameters calculated are:

a. wmean for each TD

b. standard deviation for each TD

¢. covariance of TD pairs

d. correlation coefficient of each TD pair

e. linear regression slopes of each TD pair

f. standard deviation of residuals for each regression line

Input parameters:

W(*), X(*), Y(*), Z(*) -~ TD arrays
N ~ number of samples

o o e LY 1 e
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Output parameters:

Stat(*) - Summary statistics array containing sums, sums of squares,
mean and standard deviation
_ 0_set(¥) - First data sample for each TD :
s Cov(¥*) - Summary statistics array contains sums of cross products,

covariance, and correlation coefficients of TD pairs
‘ Bw, Bx, By, Bz - Maximum value for each TD array
L Lw, Lx, Ly, Lz - minimum value for each TD array.

; s(*) - A summary statistics array containing mean and standard
deviation for each TD pair
R(*) - An array containing linear regression slope, RMS residuals,

and definition of the independent variable for each ID pair

User Instructions:

Prerequisite functions: KO Read Data

1. Press K2. The menu is cleared and "“STATS AND REGRESSION OF TD DATA"
appears on the CRT in inverse video.

. ; 2. The file name, start time, stop time, and a tabulation of the statistics

and linear regression parameters for the TDs and TD pairs is printed on the
hard copy printer.

3. The program function is complete. The function menu is printed on the CRT. .
A-8a {
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Function: Separate Data into Subfiles
Special Function Key: K3
Subprograms:

' Separate (W(*), X(*), Y(*), Z(¥), R1(*), R2(*), U$(*))
; ‘ Store (A(*). B(*). c(*)’ D(*). a]-(*). u(*)) u‘(*)l “tl F‘)

This program function enables the operator to separate and store a large
data set into several smaller data files or to store a subset of the data into
a data file.

Function parameters:

W(*), X(¥*), Y(*), 2(*) - TD data arrays

R1(*), R2(*) - Miniranger data arrays

U$(*) - Time-of-day data array

A(*), B(*), C(*), D(*) - Temporary TD data arrays

User Instructions:

e

Prerequisite functions: Read Data, KO, or Link Data, K25

1, Press K3. The menu is cleared and "SEPARATE DATA INTO SUBFILES" appears
on the CRT. J

2. When "FOR SUBFILE ENTER: START SAMPLE NUMBER" appears on the CRT:

a. Enter: The sample number for the beginning of the subset of interest
b. Press: CONT

3. When "FOR SUBFILE ENTER: STOP SAMPLE NUMBER" appears on the CRT:

a. Enter: The last sample number for the subset of interest
b. Press: CONT

4., When "FILE NAME?" appears on the CRT:

a. Enter: File name for subset to be stored. Ensure that a tape
cartridge with available space is in the left hand tape drive.
b. Press: CONT

5. The data file is created and data stored. The menu is reprinted on the |
CRT. If another subfile is to be stored, go to Step 1.
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Function: Plot TD Data with Regression Lines
Special Punction Key: KA

Subprograms:

Plot (Lx, Bx, Ly, By, Xaxis, Yaxis, X(*). Y(%), Slope, N, “IDX", "TDY", F§)

. The program function plots two of the time-difference arrays against each

other and also plots the linear regression line for the TD pair chosen. The
program automatically scales the plot for the minimum and maximum TDs for each
array. The axes are drawn through the mean for each TD, Minor tic marks are
every microsecond and major tic marks every 10 microseconds.

Parameters:
Plot - TD pair to be plotted
1=WX; Z=WY; 3=WZ; 4 =XY, 5=X2, 6 = Y2
Lv..ﬁx; Ly, Lz - Minimum TD for each array
Bw, Bx, By, Bz - Maximum TD for each array

S(*) - Statistices summary array containing means and standard deviations for
each pair to TD arrays

R(*) - Regression summary array which contains slopes of regression lines
F ~ Number of samples
F§ -~ File nsme

User Instructions:

_ Prerequisite function: KO - Read Data File
K2 - Calculate Statistics and Linear
Regression of TD Data

1. Press K4. The menu is cleared and “PLOT TD DATA WITH REGRESSION LINES"
appears on the CRT in inverse video.

2. When "PLOT? WX1, WY2, WZ3, XY4, X25, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

3. The selected TD data will be plotted on the CRT. When finished viewing
the plot:

a. Press: CONT
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Function: Plot Residuals
Special Function Key: K5

Subprograms: Rplot(Iv(*), D(*), S(*), R(*), Pr, N, V1§, V2§, F$)
Hi_lo(X(*), N, Hi, Lo)

This program function plots the residuals from the linear regression of any TD -
pair (See K2). The residuals may be plotted against sample number or the
independent varjable. Residuals are normalized to the standard deviation of
the residuals. Normalized values greater than 5 are printed on the hard copy
printer and are not plotted.

Variables:

W(*), X(*), Y(*), 2(*) - TD data arrays

S(*) - Statistics summary array

R(*) - Regression summary array

Pr - TD pair for which residuals are being plotted: 1 = WX, 2 = WY, 3=wz,
4 = XY, 5 =X2; 6 =YZ

N - Numbers of Samples

V1§, V2$ - Names of two TDs for which residuals are being plotted, i.e.

"“Tpw", "TDX", etc.
F$ - Data file name

User Instructions:

Prerequisite functions:
KO - Read Data
K2 - Calculate Statistics and Linear Regression of TD Data

1. Press K5. The menu is cleared and "PLOT RESIDUALS" is printed om the CRT
in inverse video.

2.  When "PLOT? WX1, WY2, WZ3, XY4, XZ5, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

3. When "PLOT RESIDUALS VS N(1) OR INDEPENDENT VAR(2)?" appears on the
display line:

a. To plot the residuals vs sample number:
(1) Enter: 1
(2) Press: CONT
(3) Go to: Step 4
b. To plot the residuals vs the independent variable:
(1) Enter: 2
(2) Press: CONT
(3) Go to: Step 4

4., The normalized residuals for the selected TD pair regression line will be
plotted on the CRT. When finished viewing the plot:
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a. Press: CONT
5. When "HARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
' (1) Enter: Y
(2) Press: CONT
. b. If no hard copy of the plot is desired:
(1) Enter: N
(2) Press: CONT

6. The program function is complete. The function menu is printed on the CRT.
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Function: Edit Data
Special Function Key: K16
Subprograms: |
' Delete (W(*)), X(*), Y(*), Z(*), RL(*), R2(*), U$(*), N, F$)
Delete_blok (W(*), X(*), Y(¥), Z(*), RL(*), R2(*), U$(*), N, F$)
Delete_td (W(¥), X(*), Y(¥), z(*), RL(*), R2(*), U$(*), N, F$)

ﬁ i This program function is used to edit (i.e. remove) samples from the data (1D,
time, and range) arrays. Three options are available to the user:

a. The first option deletes a single data sample in each data array.
B b. The second deletes a block of data samples.

c. The third deletes samples with TD samples outside a range that is
input by the operator.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only data samples. Arrays containing XY and
along/cross track position data are not affected. Function K17 must be
repeated to see the effect of editing on computed positioms.

2 Paramaters:

L et b ———

??“ Edit - Indicates which edit subroutine is to be used.

i 1 - delete sample by sample
B 2 - delete block of samples
3 - delete samples with TD values outside limits determined by operator

W(*), X(*), Y(*), z(*), RL(*), R2(*), U$(*) - Data arrays

! N - Number of samples
| F$ - Data file name

| User Instructions:
|

v Prerequisite functions:

' KO: Read Data
: Optional: Several other program functions may be run prior to the Edit

function to determine which data samples are to be edited,
e.g. K2, K4, K5, K18

t
i . 1. Press: K16. The menu i cleared and "EDIT DATA" appears on the CRT in
| inverse video.

t

2. When "SINGLE LINEl, BLOCK2, OR TD-CLIP3" appears on the display line:
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8. If you want to delete samples one at a time:
(1) Eater: 1
(2) Press: CONT
(3) Go to Step 3
b. If you want to delete a block(s) of samples:
(1) Enter: 2
(2) Press: CONT
(3) Go to Step 8
¢+ If you want to delete samples outside a set of TD bounds:
(1) Enter: 3 '
(2) Press: CONT
(3) Go to Step 11 i

3. Wwhen "SAMPLE TO BE DELETED? START WITH HIGHEST NUMBER" appears on the
display line:

a. Enter: Sample number
b. Press: CONT

The sample deleted and the number of samples remaining are printed on the hard
copy printer.

4. When "ANOTHER SAMPLE TO DELETE?" appears in the display area:

a. Enter: Y(if another sample is to be deleted) or N
b. Press: CONT
¢. If another sample is to be deleted, go to Step 3.

5. When "LIST DATA?" appears in the display area:

a. If a listing of the data is desired:

(1) Enter: Y :

(2) Press: CONT. The data is printed on the hard copy printer.
b. If a listing of the data is not desired:

(1) Enter: N

(2) Press: CONT

6. When "STORE DATA?" appears in the display area:
a. If you want to store the data
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 7
b. If you do not want to store the data
(1) Enter: N
(2) Preas: CONT
(3) Go to Step 15

7. 1Insure that a tape cartridge is loaded into the left hand tape drive.
When "FILE NAME?" appears on the display area:

a. Enter: File name

b. Press: CONT

c. Go to Step 15
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8. When “FIRST SAMPLE IN BLOCK?" appears in the display area (if more than
one block is to be deleted, delete the block with the higher sample numbers
first. The array is renumbered after each edit.)

a. Enter: First sample
b. Press: CONT

9. When "LAST SAMPLE IN BLOCK TO BE DELETED" appears in the display area:

a, Enter: Last sample
b. Press: CONT

The block of samples deleted and the numbers of samples remaining are printed
on the hard copy printer.

10. When "ANOTHER BLOCK TO BE DELETED?" appears in the display area

8. If there is more data to be deleted
(1) Enter: Y
(2) Press CONT
(3) Go to Step 8

b. If no more data is to be deleted
(1) Enter: N
(2) Press: CONT
(3) Go to Step 5

11. When "CLIP LIMITS FOR TDW? MIN, MAX" appears in the display area:
a. Enter: minimum TDW, maximum TDW
b. Press: CONT

12. When "CLIP LIMITS FOR TDX? MIN, MAX" appears in the display area:

a. Enter: minimum TDX, maximum TDX
b. Press: CONT

13. When “CLIP LIMITS FOR TDY? MIN, MAX" appears in the display area:
a. Enter: ninimum TDY, Maximum TDY :
b. Press: CONT ‘

14. When "CLIP LIMITS FOR TDZ? MIN, MAX" appears in the display area:
a. Enter: minimum TDZ, maximum TDZ
b. Press: CONT

The number of samples deleted and number of samples remaining are printed on
the hard copy printer.
ce Go to Step 5

15. The program function is complete. The program menu is printed on the CRT.
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Punction: Convert TD Data to XY Position
Special Function Key: K17
Subprograms:

Cart_coord (Xmit(*), Wpt(25,7), Wpt(25,8), Zxmit(¥))

Rb (Wpt(we,5), wpc(w: 6), Zmit(1,l), anxt(l.z).lcar(l). Range (1))

G_mat (Pover(*). v, lange(*). Bear(*) Zp(*), Aa(®), G123(*), Gl2(¥),
T623(*), G13(%))

Wp3 (Wpt(*), Conf, Wt, Tp(*), Zpp(*), L$§)

Td3 (“(*)' X(*). Y(*). Z(*). I’ Conf. Tq(*))

Fehg (Zxmit(¥*), Zpp(¥*), Tp(*), Tq(*), G123(¥*), zq(*). V)

Fehgt (Zn(*). ZPP(*). Tp(*). Tq(*)p (*). zq(*)p

Wp2 (Wpt(*), Conf, Wt, Tpp(*), Pair, Zpp(*), Gl2(¥*), G23(*), Gl3(*), G(*),
L$, Zxmit(*), Zxm(*))

Td2 (W(*), X(¥), Y(*), 2z(*), I, Conf, Pair, Tqq(*))

wpf2 (wWpt(*), Conf, Pair, Wf, T@q(*))

Ct_at (Pos_x(*), Pox_ y(¥), Ct(*) At(*), wpt(we,5), wpc(Wt 6)

Stat mat (Pos x(*), Pos (%), Ct(*). At(*). stat(*), Cov(*), O_set(*), N)

Reg (Stat(¥), Cov(*). s(*), a(*) 0_set(*))

Track (Stat(*), 0_set(*), Cov(*). R(*), Sample, F$, Wt, Wf, Angle, N)

Rotate (Glat, Glon, R(*))

Ccart (Plat, Plon, X, ¥)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R*, Plat, Plon)

This program function converts Td data to xy and along/cross track positions
using the FEHG algorithm and surveyed waypoints. The program will compute
either a three or two TD solution., A summary table is printed on the hard
copy printer which lists:

=chain and LOPs used in the solution
~file name
. =bearing angle between waypoints used for along/cross track calculatiom
- rms trackline of data '
-average cross track position
-standard deviation of cross track position
-average xy position
-standard deviation of xy position data

Function Parameters:

Chain$ - Loran~C transmitting chain file which contains transmitter positions,
power, and emission delays. The convention for naming chain files is a
four letter code followed by a number from 1 to 4, eg NEUSl. The number
designates the three secondaries utilized: 1 = XYZ, 2 = WXY, 3 = WXZ,
4 = WYZ.
Cl - = Flag which is set when the Loran-C chain file is read
Pos_x(*), Pos_y(*) ~ x and y position arrays
At(¥), Ct(*) - Along and cross track poaxtxon arrays
Xmit(*) - Transmitter geodetic positions
Power(*) - Transmitter power levels
Emis(*) - Secondary trausmitter er ssion delayl
¥l - Flag to indicate when the waypoint file is read
File$ - Waypoint file name
A-15
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Wpt(*) - Waypoint data array
Zxmit(*) - Transmitter xy positions referenced to local origin (Wpt(25,7),
wpt(25,8))
Wt - Waypoint used as reference for TD to Xy calculations
Wf - Waypoint used for along/cross track calculations to Wt
Bear(*) - Bearings from waypoint to transmitters
Range(*) - Ranges from waypoint to transmitters
Zp(*) - XY position of waypoint
V - Velocity of propagation
: Aa(*) - Gradient matrix, xy to TD
! G123(*) -~ Three Td gradient matrix, TD to XY
‘ Gl2(*), G13(*), G23(*) - Two TD gradient matrices, TD to XY
Conf - Chain configuration 1 = XYZ, 2 = WXY, 3 = WXZ, 4 =
Ch$ - Abbreviation of chain, eg fxrat four characters of chaxn‘
_ So - Indicates two or three solution: 2 = 2-TD, 3 = 3-ID
e L$ - LOPs used in TD to XY calculation, eg XYZ, YZ, WX, etc.
3 W(¥*), X(*), Y(*), Z(*) « TD data arrays
1 Zq(*) - XY position solution : ]
i Tq(*) - 3-TD sample
‘ TQQ(*) = 2~TD sample
Zpp(*) - XY position of waypoint
Tp(*) - 3-TD waypoint
Tpp(*) - 2-TD waypoint
Zxx(*) - Dummy position array
: Pair - LOP pair used for TD to xy calculation
B 1 If Conf = 1; 1 - XY, 2 = X2, 3 = YZ
i 1 If Conf = 2; 1 = WK, 2 = WY, 3 = XY
i IfConf = 3; 1 = WX, 2 =WZ, 3 = YZ 3
AL If Conf = 4; 1 = WY, 2 = WZ, 3 = YZ t
iy B G(*) - 2TD G matrix used in 2TD solution
1, Zxm(*) - Transmitter xy positions - two TD case
R - Distance between "TO" and "FROM" waypoints
Stat(*). Cov(*), O_set(*), S(*), R(*) - Arrays containing summary statistics
of xy and along/cross track position

1S User Instruction:

Prerequisite instructions: Read Data, KO

: 1. Press Kl7. The menu will be cleared and "CONVERT TD TO XY" will appear on
! the CRT in inverse video. 'g

i

2. When "CHAIN CONFIGURATION? " appears on the display line:

(1) Insure that the tape cartridge containing chain data is
in the right hand tape drive.

(2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NEUS,
SEUS, WCUS. The number following the characters denotes the

{ secondaries, eg: 1 = XYZ, 2 = WXY, 3 = WXZ, 4 = WYZ

z (3) Press: CONT
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NOTE: Chain configuration data is only read once. The data is stored in
semory for further use. To change chain configuration either:

a. Press: STOP
b. Press: RUN. This clears data memory and "CHAIN CONFIGURATION" will be
requested as above. All other data in memory will also be cleared.
OR
a. Enter: Cl =0
b. Press: EXECUTE. This clears the flag, Cl, which will cause the
program to branch through the "CHAIN CONFIGURATION?" statement.

When "WAYPOINT FILE NAME?" appears in the display area:

a. Insure that the tape cartridge containing waypoint data is
in the right hand tape drive.

b. Enter: Waypoint file

c. Press: CONT

NOTE: Waypoint file data is read on1§ once. The data is stored in memory for
further use.

To change the waypoint file:

a, Press: STOP
b. Press: RUN. This clears data memory and "WAYPOINT FILE" will be
requested as above
OR
a., Enter: Fl =0
b. Press: EXECUTE. This clears the flag Fl which will cause the program
to branch through the "WAYPOINT FILE?" statement.

When "WAYPOINT TO?" appears in the display area:

a. Enter: Waypoint number. NOTE: If a comparison of Mini-ranger and
Loran=C position data is to be made, insure that "TO" and "FROM"
waypoints are consistent. Conversion waypoint is "TO" waypoint.

b. Press: CONT

When "WAYPOINT FROM ?" appears in the display area:

a. Enter: Waypoint number. See Note above
b. Press: CONT

When "TWO OR THREE TD SOLUTION?" appears in the display area:

a. If a two TD solution is desired:
(1) Enter: 2
(2) Press: C(ONT
(3) "TWO TD SOLUTION, CHAIN = " is printed on
the hard copy printer.
b, If a three TD solution is desired:
(1) Eanter: 3
(2) Press: CONT :
(3) "THREE TD SOLUTION, CHAIN = " is printed on
the hard copy printer.
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; 7. The sample number is displayed in display area as the program sequences
: through the data arrays. When the calculations are complete, a summary table

is printed on the hard copy printer which contains:

a. data file name
- b. besaring angle between waypoints
‘e rms trackline of data
‘ : d. average cross track position !
e. standard deviation of cross track position
f. average x,y position
g+ standard deviation of xy position data

8. The program function is complete. The function menu is printed on the CRT.

N

PEAPARCENR o 20 o7 i st B

N
t




Function: Plot XY Dats
Special Function Key: K18
Subprograms:

Hi_lo (Pos_x(*), N, Maxx, Minx)
XPlgt (Ts Pos_x(*), Pos_y(*), Min x, Max x, Min y, Max, y, N, No, r$, Ch$,
LS, Pl

This program function plots the xy data calculated from Loran-C IDs on the
CRT or 9872A plotter. Two options are available. The first automatically
scales the CRT (or9872A) plotting area to the range of xy data. The operator
may zoom in on a section of the plot, find the sample number of a plotted
point, and digitize up 10 locations on the plot. The second option plots the
xy data to a chart scale (1:10,000,1:20,000, 1:40,000, or 1:80,000). The axes
are drawn through a waypoint selected by the operator. The operator also
inputs the offset of the waypoint (axes) from the lower left hand cormer of
the plotting area. The selection of waypoint offset and scale determines the
window of data which will be plotted."

Function parameters:

Pos_x(*), Pos_Y(*) - xy position calculated from Loran-C data
Minx, Miny - Minimum x and y positions
Maxx, Maxy - Maximum x and y positions
T - Line type
N = Number of samples
No - Denotes first or second time data is being plotted
Ch$ ~ Loran-C chain, eg NEUS, SEUS, etc.
L$ - Loran-C LOPs, eg XY, WX, etc.

User Instructions:

Prerequisite functions: KO0 and K17

l. Press K18: The menu is cleared and "PLOT XY DATA" is printed on the CRT.

2. When "STANDARD XY PLOT1 OR PLOT TO CHART SCALE2? 1 or 2" appears on
display line:

a. If data to be plotted standard X Y
1. Enter 1
2. Press: CONT
3. Go to step 3

b, 1If data to be plotted to chart scale
l. Enter: 2
2. Press: CONt
3. Go to step 15

3. When "PLOT DATA ON CRT1 OR 9872A2: 1 OR 2" appears on the display line:
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a. Enter: 1 or 2
b. Press: CONT

4. After viewing plot

a. Press: CONT
5. When "ZOOM: Y OR N" appears on display line:
NOTE: When using 9872A, change paper

8, To blow up a section of the plot:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 6 or 7
b. If a "zoom" or further "zoom" is not wanted:
(1) Enter: N
(2) Press: CONT
(3) Go to step 8

6., For CRT, vhen the cursor appears on the CRT, place cursor at the lower
left-hand corner of the area of interest and press CONT. When cursor
reappears, position cursor at the upper right-hand corner of the area of
interest and press CONT. The selected area is replotted on the CRT.

Go to step 5

7. For 9872A, place pen at lower left-hand corner of the area of interest and
press"ENTER"” on the plotter.

Go to Step 5

NOTE: The “zoom" may be repeated several times.

8. When "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT?" appears on the
display line:

a. If the sample number of a point on the plot is desired:
(1) Enter: Y
(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 11

9. For CRT, when the cursor appears on the CRT:

a. Center it on the point of interest
b. Press: CONT

10. For 9872A, move pen to point of interest




a. Press "ENTER" on plotter

The sample number and cocrdinates will be printed on the printer. If no data
is printed, try repositioning the cursor closer to the point of interest or
replot the data and use "zoom" to blow up the area around the point of
interest.

c. Go to Step 8
11. When "DIGITIZE?" sppears in the display area:

a. If you want to digitize 1-10 points on the plot:
(1) Enter: Y
(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 9

12. When "HOW MANY? 1-10" appears in the display area:

a. Enter: the number of points to be digitized
b. Press: CONT

For CRT, when the cursor appears on the CRT, center it over a point of
interest and

c. Press: CONT
For 9872A, center pen over point of interest
d. Press: Enter

A plus sign (+) will appear over the data point and the number of points
digitized (1-10) will appear to its right. Continue the procedure until the
number of points to be digitized is complete. A list of the digitized point
coordinates is printed on the hard copy printer.

d. Go to Step 14

13. The plct will reappear on the CRT. When finished viewing the plot press
CONT.

14, For CRT, when "HARDCOPY? Y OR N" appears on the display line:

a, If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 20
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to step 20
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15. When “WAYPOINT FOR AXES" appears on di.phy line

a. Eanter: Waypoint No. for Asu
b. Press: CONT

16 MWAMIHWMM“MMW“M? X.Y(Iﬁ)"

appears on display line:

a. Enter: X,Y
b. Press: CONT

17. when "PLOT DATA ON CRT1 OR 9872A2? 1 OR 2" sppears on the display line:

a. Enter: 1 or 2
b. Press: CONT

18. When “CHART SCALE 1:10,0001, 1:20,0002, 1:40,0004, 1:80,0008, 1, 2, 4, or

8" appears on display line:

a. Enter: Chart scale (1, 2, &4 or 8)
b. Press: CONT

19, If data plotted on CRT:

a. Go to step 20

20. The function is complete., The function menu is printed on the CRT.




Punction: Plot Along/Cross Track Data
Special Function Key: K19
Subprograms:

Bi_lo (Ct(¥), N, Maxc, Minc)

Patct (At(®), Ct(*), N, Mina, Maxa, Minc, Maxc, Wt, Wf, F§, R, No, Data)

G mat (P(*), V, Range(¥), Bear(*). Zp, A(®), clza(*). Gl2(*), G23(%),
Gl3(*))

This program function plots cross track vs along track position. The plots
are automatically scaled and labeled.

Function paranééerlz

At(*), ct(*) - Along and cross track position arrays calculated from
Loran~C data

N - Rumbers of samples

Maxc, Maxcc - Maximum cross track distance

Minc, Mincc - Minimum cross track distance

Maxa, Maxaa - Maximum along track distance

Mina, Minas - Minimum along track distance

Wt -~ Waypoint to

Wf - Waypoint from

R - Distance between waypoints

F$ - File name

User Instructions:

Prerequisite function: K17

l. Press K19. The program menu is cleared and "PLOT ALONG TRACK CROSS TRACK
DATA" is printed on the CRT in inverse video.

2. The along/cross track data is plotted on the CRT. When finished viewing
the plot:

a. Press: CONT
3. When "HARD COPY? Y OR N” appears in the display area:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT
b. If not:
" (1) BEnter: N
(2) Press: CONT

4. This function is complete. The function menu is printed on the CRT.
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Function: Predict TD

Special Function Key:
Subprograms:

Range (Lat, Lon, Xmit(I,1), Xmit(I,2), Range (I))

Béar (Lat, Lon, Xmit(I, 1) Xmit (1 z). Bear(1))

Td (Range(*), Vv, !nic(*). Td(*))

G nnggrg;) V, Range(*), Bear(¥*), Zp(*), A(%), G123(%*), Gl2(*), G23(w),
Gl3(*

This program function calculates predicted TDs for an input latitude,
longitude. The program also outputs range and bearing to transmitter stations
and GDOPs for the three TD and two TD fixes.

Function Variables:

Cl - Chain flag indicates if cha1n data has been read 1nto memory

Chain$ - Chain name

Xmit(*) - Transmitter positioms (latxtude. longitude)

Power(%*) - Transmitter pover

Emis(*) - Secondary emission delays

P$ - Indicates input position is a waypoint

Fl - Waypoint table flag, indicates waypoint table has been
read into memory

Wpt(*) - Waypoint table

Lat,Lon - Latitude and Longitude of position of interest

D,M,S =~ Degrees, Minutes, Seconds

Range (*) - Ranges to transmitters

Bear(*) - Bearings to transmitters

Td(*) - Predicted TDs

Aa(*) - Gradient matrix; xy to TD

G123(*) - Three TD gradient matrix; TD to XY

Gl2(*), Gl3(*), G23(*) - Two TD gradient matrices, TD to XY

" Gdop 123 - Three TD Geometric Dilutin of Precision (GDOP)

Gdopl2, Gdopl3, Gdop23 =~ Two TD GDOPs

Ch$ - Chain abbreviation, eq NEUS = North East United States

Conf - Indicates three TD configuration: 1 = XYZ, 2 = WXY, 3 = wxz,
4 = WYZ

User Instructions:

Prerequisite functions: None

l. Press K20. The program menu is cleared and "TD PREDICTION" is printed om
the CRT in inverse video.

2. When "CHAIN FILE" appears in the display area:

(1) 1Insure that the tape cartridge containing chain data is in the
right hand tape drive

(2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NEUS
SEUS, etc. The number following the character denotes the
secondaries, eg 1 = XYZ, 2 = WXY, 3 = WXZ, 4 = WYZ

(3) Press: CONT
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Note: Chain comfiguration data is read only once. The dats is stored in
memory for further use. To chan;o chain confi;uration“githgt:

3.

a. Press: STOP N L
b. Press: RUM. This clears data memory and “CHAIN FILE" will be

requested as above. All other data in memory will also be cleared
OR

a. Enter: Cl =0 : ' ' B
b. Press: EXRCUTE., This clears the flag Cl which will cause the
program to brsuch through the "CHAIN FILE" statement.

When "IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N" appears in the

display area:

4.

a. If the point of interest is on the waypoint file:
(1) Enter: Y
(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

When "WP FILE NAME?" appears on the display line (see Note below)

a. Insure that the tape cartridge containing waypoint data is in the
right hand tape drive

b. Enter: Waypoint file name

ce Press: CONT

Note: This step is skipped on successive runs of this program functiom or if
the waypoint file has been read during a previous function.

5.

6.

7.

When "WAYPOINT NO.?" appears on the display line:

a. Enter: the waypoint of interest

b. Press: CONT
ce Go to Step 8

When "INPUT LAT IN DEGREES, MIN, SEC" appears on the display linme:

a. Enter: Latitude of position of interest (Degrees, Minutes, Seconds).
The program assumes North latitude
b. Press: CONT

When “INPUT LON IN DEGREES, MIN, SEC" appears on the display line:

a. Enter: Longitude of position of interest (Degrees, Minutes, Seconds).
The program assumes East longitude
b, Press: CONT




il Al

% ' 8. The program calculates and prints the following paramsters:

: a. Predicted time differences.
: TDs are also listed.)
b. Ranges snd bearings to transmitters

c. GDOPs for the three TD and each of the two TD combinations. i

(1f a waypoint is selected, surveyed

9. The program function is complete.

The program menu is printed on the CRT.
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Punction: Calculste Waypaint
Special Function Key: K21

Subprograms:

Read(W(*), X(%), Y(*), z(¥), RL(*), R2(*), U$(*), N1, F§)
Read_alt(W(*), X(*), Y(*), Z(*), U$(*), N1, F§) SPPR
Stat_mat(W(*), X(*), Y(¥), z(¥), Stat(*), Cov(¥*), O_set(*), N1)
Reg(Stat(*), Cov(¥*), S81(*), Rone(*), O set(¥))

Print(Stat(*), 0_set(*), Cov(*), Rone(¥), N1, 1)

Way(S1(*), 82(*), Rone(*), Rtwo(*), N1, N2, Wp(¥))
Wprint(Wp(*))

This program function computes estimated waypoint time differences, estimated
rms error, and lop crossing angles. The function also calculates and prints
statistics and regression parameters for each of the survey tracklines.

Parameters:
Read - Type of data file

W(*), X(*), Y(*), Z(*) - TD data arrays

R1(*), R2(*) - Range data arrays

U$(*) - Time array

N1 - Number of samples for first data file

N2 - Number of samples for second data file

Stat(*), Cov(¥), O set(*) - Statistics arrays

S1(*), Rone(*) - Statistics summary arrays for first data file
S2(*), Rtwo(*) - Statistice summary arrays for second data file
Wp(*) - Summary of waypoint calculations

User Instructions:

Prerequisite functions: None required

l. Press K21. The menu is cleared and "CALCULATE WAYPOINT" is printed on the
CRT.

2. When "DATA FILE TYPE? TD&RANGE 1 OR TD ONLY 2 ?" appears om the display
line:

a. If the trackline data files contain both TD and range arrays (i.e.

post Delaware data or reformatted Delaware data)
(1) Enter: 1 :

(2) Press: CONT

b. 1If t?e trackline date files contain only TD arrays (e.g. Delaware River
data):

(1) Enter: 2
(2) Press: CONT

3. When "FILE NAME" appears on the display line:




a. IEnter: file name of one of the survey tracklines
b, Press: CONT

The file name is printed on the hard copy printer. Statistics and
regression parameters are calculated for the file data and the results are
printed on the hard copy printer.

; 4. When "FILE NAME" reappears on the display line:

- a. Enter: File name of the other survey trackline
' b. Press: CONT

! The file name is printed on the hard copy printer. Statistics and

l regression parameters sre calculated for the file data and the results are
‘ printed on the hard copy printer.

i 5. The intersection of each pair of regression lines is calculated along
i vith the crossing angles snd estimated rms error of each solution. The
results are printed in tabular form on the hard copy printer.

6. The function is complete.

-
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Punction: Daisy Chain
Special Function Key: K22
Subprograms:

Cart_coord (Xmit(w), wpt(25,7), wWpt(25,8), Zxmit(¥))

Rb(Wpt(Rw,5), Wpt(Rw,6), Zxmit(I,1), Zxmit(I,2), Bear (I), Range (1))

G_-.t (Ponr(*). v, hnse(*). u‘t(*). zp(*). “(*)). 6123('). GIZ(*).
G23(*), G13(*)) :

Wp2 (wWpt(*), Conf, Rw, Tpp(¥) Pair, Zpp(*), Gl2(*), G23(¥*), G1l3(¥), G(¥),
L$,Zxmit(*), Zxm(*))

Wp£2 (Wpr(®), Conf, Pair, Iw, Tqq(¥))

’.h't (le(*). ZPP(*). Tpp(*). qu(*). G(*). Zq(*). V)

Wp3 (Wpt(*), Conf, Rw, Tp(*), Zpp(*), L$)

Pehg (Zxmit(*), Zpp(¥*), Tp(*), Tq(*), G123(*), Zq(*), V)

- Rotate (Glat, Glon, R(*))

Cart (Plat, Plom, X, Y)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R*, Plat, Plon)

This program function calculates the position of a waypoint based on the
difference in TDs between it and a& neighboring waypoint. The Flat Earth
Hyperbolic Grid (FEHG) is used to calculate position coordinates.
Differential xy coordinates, differential latitude and longitude, and range
and bearing between waypoints is also calculated. The user has the option of
inserting the calculated xy coordinates (and latitude longitude) into the
waypoint table, Wpt(*). Note: This function does not restore the new

. waypoint table in magnetic tape. If this is desired, function K23 must be

used.
Function variables:

Cl - Status variable which indicates if chain data has been read into
‘ memory
Fl - Status variable which indicates if the waypoint table has been
read into memory :
Chain$ - Chain file
Xmit(*), Power(¥), Bmis(*) - Chain variables; geodetic coordinates, power
levels, and emission delays
Conf - Chain configuration
Ch$ - Pirst four characters of Chain$
Wpt(*) - Waypoint table
Zxmit(*) - Transmitter xy coordinates referenced to local origin (three
TD case)
Rw - Reference waypoint (start)
Iv - Waypoint of interest (stop)
Bear(*), Range(*) - Bearings and ranges to transmitters
Zpp(*), Zp(*) - Reference waypoint position
V - Velocity of propagation
Aa(*), G123(*), Gl2(*), G13(*), G23(*) - gradient matrices
Zxm(*) - Transmitter xy coordinates referenced to local origin
(two TD case)
80 - Indicates two or three TD solution of FEHG
Tpp(*), Tp(*) - Two and three TD waypoints (start)
Tqq(*), Tq(*) - Two and three TD waypoints (stop)
Pair = TD pair (two TD case)
A-29
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G(*) - Gradient matrix associated with TD pair (Pair)

L$ - Lops e.q. “XYZ," “XY," "X2," etc.

Zq(*) - Waypoint of interest x, y position

Zxx(*) - Dummy position array

Dx, Dy - Difference in xy position of waypoints '
Dlat, Dlon - Difference in latitude, longitude of waypoints
! Lat, Lon - Computed latitude, longitude of waypoint

| A - Angle between waypoints

! R - Range between wayopints

i User Instructions:

1 Prerequisite functions: assumes a waypoint file has been created and it
contains TDs for the two waypoints and an xy positions for the reference
wvaypoint.

F l. Press K22. The program menu is cleared and "DAISY CHAIN" appears on the
CRT in inverse video. :

2. 1f "CHAIN FILE?" appears in the display lime:
(1) BEnter: Five character chain file (e.g. MEUS2, GTLK1, etc.)
Insure that the tape cartridge containing the file is in the
right hand tape drive.
(2) Press: CONT

3. If "WP FILE?" appears in the display area:

a. Enter: Waypoint file name. Insure that the tape cartridge containing
‘ the waypoint file is in the right hand tape drive.
] Press: CONT )

4. When "INPUT START WAYPOINT NO." appears in the display area:

o ulan bt Tk v e ot

. a. Enter: 8Start or reference waypoint :
b. Press: CONT : =H
E

a. Entcr: Waypoint of interest

{
[
| | |
! 5. When "END WAYPOINT" appears in the display area:
%
| b. Press: CONT

. -

6. When "TWO OR THREE TD SOLUTION, 2 OR 3" appears in the display area:

a. If a three TD solution is desired:
(1) Enter: 3
(2) Press: CONT ;
(3) Go to Step 8

e s




be If a two TD solution is desired
(1) Enter: 2
(2) Press: CONT

7. When "INPUT TD PAIR; XYl, XZ2, XY3" appears in the display area: :
(The choice of TD pairs depends on the chazn configuration, e.g. if Conf = 2,
the choices are wx. WY. XY)

a, Enter: Number correspondxng to TD pair desired
b. Press: CONT

8. A table is printed on the hard copy printer which contains the following
xnfornatxon.

9 the chain and lops used to caléulate the waypoint position

b. ' the number of the waypoint used as the origin of the local grid

c. the two waypoints numbers

d. the differential xy positions and differential latitude, longitude

e. the angle and range between waypoints

f. the projected waypoint position coordinates based on the waypoint TDs
" go the current values of the waypoint position coordinates

9, When "CHANGE POSITION AND LAT/LON OR WAYPOINT OF INTEREST? Y OR N"
appears on the display line:

a. If you want to change the values
- (1) Enter: Y :
(2) Press: CONT. WNote: the values will be changes in the waypoint
o table, but not on magnetic tape. Function K23 must be used to
restore the table on tape.
(3) '"WAYPOINT TABLE CHANGED" is printed on the hard copy printer.

10. The progras function is complete. The CRT is cleared and the program
menu is printed.
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Function: TD MOVE
Special Function Key: K24

Subprograms:

Cart_coord (Xmit(*), Wwpt(25,7), Wpt(25,8), Zxmit(*))

Rb (Zp(1), 2p(2), Zxmit(I,1) Zxmit(I,2), Bear(I), Range(I))
Rotate (Glat, Glon, R(¥))

Cart (Plat, Plom, X, Y)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R(%))

This program function calculates the change in TD from a waypoint to a
position offset from the waypoint. This offset in waypoint position and TD
may be applied to the waypoint table. The change in TDs is calculated based
on the change in distances to the transmitters.

Function Variables:

Cl - Status variable which indicates if chain data has been read into
memory

Fl - Status variable vwhich indicates if the waypoint table has been
read into memory

Chain$ - Chain file, e.g. NEUS1, GTLK2, etc.

Ch$ - First four characters of Chain$

Conf ~ Chain configuration, fifth character of Chain§, 1 = XYZ, 2 = WXY,
3 = WXz, 4 = WYZ

Xmit(*), Power(*), Emis(*) - Transmitter data: geodetic position, power
level, emission delay

Wpt(*) - Waypoint table

Wp - Waypoint of interest

Move - Indicates if change in position is to be input as dx, dy or

range/bearing

.Dx, Dy - Offset in x and y direction from waypoint

R, B - Range and bear1ng of offset posxtzon from waypoint

Zp(*) - Waypoint position and offset position

Zxmit(*) ~ xy coordinatee of transmitters relative to local origin

Bear(*), Range(*) - Ranges and bearings to transmitters

T(*) - Variable to store intermediate calculations and TD offsets

File$ - Waypoint file name

Cor$ - Input variable which indicates if the offset is to be applied as a
correction to the waypoint TD in the waypoint table

User Instructions:

Prerequisite function: nome. It is assumed that a waypoint file exists.

l. Press K24. The program menu is cleared and "MOVE: CALCULATES
Tdq = Tdp+h(Zq)-h(Zp)" appears on the CRT.

2, If "CHAIN FILE?" appears on the display line:
(1) Insure tape containing chain file is in right hand tape drive

(2) Enter: Chain file (e.g. NEUS2, GTLK1)
(3) Press: CONT
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3. If “WAYPOINT FILE?" appears on the display line:

f a. Insure the tape cartridge containing the waypoint file is in the right
hand tape drive.
b. Enter: Waypoint file name
c. Press: CONT

4. Wnen "WAYPOINT?" appears on the display line:

a. Enter: Waypoint of interest
b. Press: CONT

5. When "Dx/Dy 1 OR RANGE/BEARING 2, 1 OR 2" appears on the display line:

a. If the offset is to be applied in x and y components:
, (1) Enter: 1
P (2) Press: CONT
{ (3) Go to Step 6
b. If the offset is to be applied as a range and bearing from the

t waypoint:
‘ (1) Enter: 2

(2) Press: CONT

(3) Go to Step 8

6, When "INPUT DX (KM)" appears on the display line:

a. Eanter: x direction component of the offset in KM
b. Press: CONT

1 o e P T

7. When "INPUT DY (KM)" appears on the display line:

a. Enter: y direction component of the offset in KM
b. Press: CONT
¢« Go to Step 9

8. When "RANGE (KM) AND BEARING (DEG)" appears on the display line:

| a. Enter: The range in KM and the bearing in degrees separated
: by a comma
. b. Press: CONT

i 9. The effect of offsetting the waypoint on the TDs corresponding to the
| chain configuration will be printed on the hard copy printer.

10, When "APPLY CORRECTION TO WP? Y OR N" appears on the display line:

a. If you want to change the waypoint parameters to the offset position:
(1) Enter: Y
(2) Press: CONT, (Note: This step does not change the waypoint

, data stored on magnetic tape. See K23,)

| (3) “WAYPOINT TD AND POSITION CORRECTED" is printed on the hard

. copy printer,

b. If not:

{ (1) Enter: N

| (2) Press: CONT
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11. The program function is complete. The CRT is cleared and the program
menu reprinted.
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Punction: Link Data Files
Special Punction Key: K25
Subprograms:

Link (W(%), X(¥), Y(%), Z(*), RL(*), R2(%), U$(%), K, F4)
Store ("(*). X(*). Y(*). Z(*). Rl(*). u(*). U‘(*). ul r‘)

This program function enables multiple data files to be loaded into memory.
Range and TD data can be corrected for each file entered. The total number of
samples must be equal to or less than 400. The function will automatically

ignore any samples which would cause this limit to be exceeded.

Function Variables:

W(*), x(*), Y(*), Z(*) - TD data arrays

R1(*), R2(*) - Miniranger data arrays

U$(*) - Time (Julian day:hours:min:sec) data array
N - Total number of samples )

F$ - Final file name

Kl

User Instructions:

Prerequisite functions: none

1. Press K25. The program menu is cleared and "LINK DATA FILES" is printed
on the CRT.

2, When "DATA FILE TYPE? TD & RANGEl OR TD ONLY2" appears on the display
line:

a. If the data file contains both TD and range data arrays (e.g. post
Delaware data or reformatted Delaware data):
(1) Enter: 1
(2) Press: CONT
b. If the data file contains only TD arrays (e.g. Delaware and pre-
Delaware data):
(1) Enter: 2
(2) Press: CONT

3. When "FIRST FILE NAME?" appears on the display line:

a. Enter: File name
b. Press: CONT

4. When "CORRECT TD DATA?" appears on the display line:

a. 1If TD data is to be corrected:
(1) Enter: Y
(2) Press: CONT

b. If not

T
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(1) Enter: N
(2) Press: CONT
(3) Go to Step 11

5. The start and stop time for the data collected on the current data file
are printed on the hard copy printer. When “CORRECTION TO TDW(MICROSEC)?"
appears on the display line:

a. Enter: Correction to TDW in microsec.
b. Press: CONT .

6. When "CORRECTION TO TDX(MICROSEC)?" appears on the display line:

a. Enter: Correction to TDX in microsec.
b. Press: CONT

7. When "CORRECTION TO TDY(MICROSEC)?" appesrs on the display line:

a. Enter: Correction to TDY in microsec.
b. Press: CONT .

8. When "CORRECTION TO TDZ(MICROSEC)?" appears on the display linme:

a. Enter: Correction to TDZ in microsec.
b. Press: CONT

The file name is annotated with a "t" and the corrections entered are printed
on the hard copy printer.

9. A list of the files linked and total number of samples is printed on the
CRT. When "ANOTHER FILE?" appears on the display line:

a. If another data file is to be entered:
(1) Enter: Y
(2) Press: CONT
‘b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 13

10. When "FILE NAME?" appears on the display line: 1

a. Enter: file name
b. Press: CONT
c. Go to Step 3

11. A final list of the files linked and total number of samples is printed
on the hard copy printer. When "STORE DATA SET?" appears on the display line:

a. If you want to store the data on a new file
(1) Enter: Y
(2) Press: CONT
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b. If not

(1) Enter: N

(2) Press: CONT
i (3) Go to Step 15

12. When "FILE NAME?" appears on the display line

— ; a. Insert a tape cartridge in the left hand tape drive.
i : 'be Bnter: file name
¢. Press: CONT

! 13. If the data is not stored on tape, the file name will be the list of

files linked. If the data was stored, the file name returned is the name used
to store the data.

14. The program function is complete. The CRT is cleared and the program
menu reprinted.
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Function: Measured-Projected TDs
Special Punction Key: K27
Subprograms:

Cart coord(Xmit(¥*), Wpt(25,7) Wpt(25,8) Zxmit(¥))

Projec§ (W, wpt(¥®), W(¥*), X(¥*), Y(*), 2(*), zx(¥), Zy(*), Conf, Zxmit(¥),
N, V

Rotate (Glat, Glom, R(*))

Cart (Plat, Plom, X, Y)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R(*), Plat, Plon)

Rb (x1, yl, x2, y2, B, R)

This program function calculates the statistics of the difference between the
TDs measured and TDs projected from the waypoint based on the xy position
calculated from the measured TDs. The result is a measure of the three TD fix

triangle. The function can be used to estimate the third TD of a waypoint if
two are known.

Function variables:

Cl - status variable which indicates if chain data is in memory
Fl- status variable which indicates if the waypoint table is in memory
Chain$ - chain file name
Ch$ - first four characters if Chain$
Conf - chain configuration, fifth character in Chain$
Xmit(*), Power(%*), Bmis(*) - transmitting station parameters: geodetic
position, power level and emission delay
Wpt(*) - waypoint table
File$ - waypoint file name
Zxmit(*) - transmitter xy coordinates referenced to local origin
W - waypoint of interest
- W(*), X(*), Y(*), Z(*) - TD data arrays
Pos_x(*), Pos_y *) - measurement position coordinates cslculated from
Miniranger data
N - Number of samples
V = Velocity of propagation
F$ - data file name

User Instructions:

Prerequisite functions:

KO = Read Data
K16 - Edit Data (Optional)
K17 - Calculate XY Position from TD Data

l. Press K27. The CRT is cleared and "MEASURED-PROJECTED TDs" is printed on
the CRT.

2. If "CHAIN FILE?" appears on the display line:

(1) Enter: Chain file name
(2) Press: CONT
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1f “WAYPOINT FILE NAME?" appears on the display line:

a. Enter: waypoint file name
b. Press: CONI

4. When "WAYPOINT FROM WRICH TDs ARE TO BE PROJECTED?" appears on the display
line:

a. Enter: waypoint number
b. Press: CONT

5. The data file name is snnotated with a " ". "RESULTS OF CALCULATING
MEASURED TDS - PROJECTED TDS FROM WAYPOINT(W); FILE = (F$)" is priunted on the
hard copy printer followed by the statistics table generated by function K2.

6. The program function is complete. The CRT is cleared and the program menu
is reprinted on the CRT.

Note: The data contained in the TD arrays (W(*), X(*), Y(*), Z(*)) has been
changed. .

]
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Function: Simulate Waypoint Survey
Special Function Key: K28

Subprograms:

Bear(Wpt(wP-1,7), Wpt(wp-1,8) wpt(wp,7), Wpt(Wp,8), Ca)
‘ 'nu:a(w(*)S X(*), Y(*), Z(*), N, Ca, Ds, De, Sigma, Xmit(¥*), Zp(¥),
‘ V, Conf
l Stat_mat(W(*), X(¥), Y(*), Z(*), Stat(*), Cov(*), O_set(*), N)
Reg(Stat(*), Cov(*), S1(*), Rone(*), O ) set(*))
Prxnt(Stat(*). 0_set(*), Cov(*), Rone(¥), N, 1)
Way(S1(*), 82(%), Rone(*). Rtwo(*), N, N, Wp(*))
Wprint (Wp(¥*))
Range (P1, P2, P3, P4, R)

This program simulates the survey of a waypoint using the intersection of

visual ranges technique. Two TD data sets are generated along the tracklines ' b
defining a waypoint. Input variables are the waypoint of interest, the
starting and stopping points of the survey lines, and the expected standard
deviation of the TDs. The program function processes the data as if it were
field data. Statistics and regression parameter tables are printed on the
hard copy printer for each data set along with the waypoint table. The “true"

TD values for the waypoint are zero. The tabulated waypoint value is the
error in estimating the waypoint.

i
N Function variables: :

i Cl - Indicates if Loran-C chain data has been read in memory
i) Chain$ - Loran-C chain file. First four characters are the abbreviation
14 for the chain (e.g. NEUS, SEUS, GTLK, etc.) The fifth character is a
number from 1 to 4 which designates the chain configuration: 1 = XYZ,
2 = WXY, 3 = WXZ, 4 = WYZ
Ch$ - Chain name. First four characters of Chain$
: ~Conf - Chain configuration
1 Xmit(*), Power(*), Emis(*) - Loran-C chain parameters, i.e. geodetic
' positions, power level, emission delays
| Fl - Indicates if the waypoint file has been read into mewmory i
| Wpt(*) - Waypoint table l
- Wp - Waypoint of interest
| Ca, Cb -~ Bearing from adjoining waypoints to waypoint of interest i
; Ds, De - Start and stop distances from waypoint
| Sigma - Noise, i.e. expected standard deviation of time differences
' N = Number of lanples
2p(*) - Waypoint position (latitude, longitude)
W(*), X(*), Y(*), 2(*) - TD data arrays
Stat(*). Cov(*), O _set(*) - Statistics arrays
81(*), 82(*), Rone(*), Rtwo(*) - Statistics and regression summary arrays
V - Velocity of propagation
Wp(*) - Calculated waypoint table
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User Instructions:

Prerequisite functions: A preliminary waypoint file containing estimated
latitudes and longitudes for each waypoint is required. If a Loran-C
chain other than NEUS1 is being used, a Loran-C chain file is neces-
sary.

1. Press K28. The program menu is cleared and "SIMULATE WAYPOINT SURVEY"
is printed on the CRT.

2. I1If “CHAIN FILE?" appears on the display line:

(1) Enter: chain file name
(2) Press: CONT

3. If "WAYPOINT FILE NAME?" appears on the display line:

a. Enter: waypoint file name
b. Press: CONT

4, When "WAYPOINT OF INTEREST?" appears on the display line:

a. Enter: waypoint number
b. Press: CONT

The bearings from the adjoining waypoints to the waypoint of interest will
be calculated and the results printed on the hard copy printer.

S. When "START POINT RELATIVE TO WAYPOINT (KM)?" appears on the display
line:

a. Enter: Start point in KM, Both survey tracklines start the -same
distance from the waypoint. A positive start point indicates a position
between the waypoints on the centerline. A negative start point indicates a
position on the trackline beyond the waypoint of interest.

" b. Press: CONT '

6. When "STOP POINT RELATIVE TO WAYPOINT (KM)" appears on the display line:

a. Enter: Stop point in KM. Both survey tracklines end the same
distance from the waypoint. A positive stop point indicates a position
between the waypoints on the centerline. A negative stop point indicates a
position on the centerline beyond the waypoint of interest.

b. Press: CONT
Start and Stop points are printed on the hard copy printer.

7. When "EXPECTED STANDARD DEVIATION OF TD (MICROSEC)" appears on the
display line:

a. Enter: expected standard deviation of TDs in microseconds. All TDs
are assigned the same standard deviation.

b. Press: CONT

A=41
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8. When "NUMBER OF SAMPLES PER TRACKLINE" appears on the display line:

a. Enter: number of samples. The number is the same for both survey
tracklines.

b. Press: CONT

The expected standard deviation and number of samples is printed on the hard
copy printer.

9. A data set is calculated for each trackline. The current sample being
calculated and total number of samples appears on the display line. After a
data set is complete, statistics and regression parameters sare calculated
and a summary table is printed on the hard copy printer. The sequence is
repeated for the second trackline. The waypoint estimates, estimated rms
error, and crogsing angles are calculated and the results are printed on the
hard copy printer. The "true" waypoint TDs are each zero. The values

printed in the waypoint row are the estimation errors for the simulated
surveye. .

10. The program function is complete.
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SUBROUTINE

Read -
Bear
Read_alt
Ct_at
Way
Deom_isr
Td

G_mat
Hi_lo
Track
Stat_mat
Range
Reg
Patct
Print
Xplot
Separate
wpf2
Store
Fehgt
Plot

Td2
Rplot
Td3
Delete
Fehg
Delete_block
Delete_td
wp2
Cart_coord
wp3

B
Wprint
Wpfile
Link
Project
Data
Rotate
Pseudo
Cart

TLS 1 SUBROUTINES

CALLED FROM

K0,21
K20,28
k0,21

K17 ’
K21,28

K29

K20
K17,20,22
K2,5,18,19
K17
K2,17,21,28
K20,28
K2,17,21,28
K19
K2,21,28

- K18

K3

K17,22
K3,16,25
K17,22

K4

K17

K5

K17

K16

K17,22

K16

K16

K17,22
K17,22,24,27
K17,22
K17,22,24,27
K21,28

K23

K25

K27

K28
K17,22,24,27
K17,22,24,27
K17,22,24,27

A=45
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L 10
' 20
30
40
50
60
70

OPTION BASE 1

DEG

DIM W(A00),X(400),Y(400),ZC¢400),R4(400),R2¢A00),Us¢400)(14)
DIN P(4),0 set(4).Btat(4,4),Cov(3,6),5(4,6),R(3,6),0(4)

DIM 81(4,6),82(4,6),Wp(4,6),Wpt(25,8),T(3),2d(2),Fs(80]

DIM Xmit(4,2),Emis(3),Bear (4),Range(4),Td(3),Power(4),6123(2,3),612(2,2)
DIM G13(2,2),623(2,2),Zxnit(4,2),Zp(2),Aa(3,2),Pos_x(400),Pos_y(400),Tp(3,

1),7q¢3,1)

| 80
90
* 100
110
; 120
150
: 160
; 280
| 290
| 300
310

DIM Zq(2,1),2pp(2,1),A1(400),Ct(400),Tpp(2,1),qu(a,i),qu(Z,i)
DIM Zb(2),Rotate(3,3),6x(4,2),Px(4,2) ,Axy(2,2)
DIM Tw(2),Zm(2)4Zt(2)
DIM Zxx(2,1),Zxm(3,2),6(2,2),Rone(3,6),Rtw0(3,6)
cOM A(400),B(400),C(40Q),0(400),R11(400),R21(400),Ut$(400)t14l,T$[801
U=, 2997924%8/1.000338
F=.,0033%278
Keys: |
ON KEY #0 GOTO KO
ON KEY #2 GOTO K2
ON KEY #3 GOTO K3
ON KEY #4 GOTO K4
ON KEY #S GOTO KS
ON KEY #1516 GOTOD Kié
ON KEY #4147 GOTO K47
ON KEY #18 GOTO Ki8
ON KEY #1419 GOTO K49
ON KEY %20 GOTO K20
ON KEY #21 GOTO K21
ON KEY #22 GOTO K22
ON KEY #23 GOTO K23
ON KEY #24 GOTO K24
ON KEY #2%5 GOTO K2S
ON KEY #26 GOTO K26
ON KEY #27 GOTO K27
ON KEY #28 GOTO K28
Menut }
MASS STORAGE 18 ":1TiS"
PRINTER IS 16
PRINT PAGE
PRINT * VISUAL SURVEY: ANALYSIS ¢ .
PRINT "KO:READ TRACKLINE FILE DATA"
PRINT "K2:STATS AND REGRESSION O TD DATA"
PRINT “"K3:SEPARATE DATA INTO SUBFILES"
PRINT *“K4:PLOT .TD DATA WITH REGRESSION LINE"
PRINT "KS:PLOT RESIDUALS OF TD DATA"
PRINT "K4i6:EDIT DATA™
PRINT "K417:CONVERT TDs TO XY AND AT/CT*"
PRINT "Ki18:PLOT XY DATA*
PRINT "K4i9:PLOT/LIST AT/CT DATA"
PRINT "K20:PREDICT TD*
PRINT “K21:CALCULATE WAYPOINT"®
PRINT "K22:DAISY CHAIN WAYPOINTS"
PRINT "K23:FILE OR READ WP DATA"
PRINT "K24:TD MOVE"
PRINT *“K2S:LINK DATA FILES"
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680 PRINT "K2618TORE CHAIN DATA™ . '

690  PRINT "K27:MEABSURED-PROJECTED TDs* , , 5
700 PRINT "X28: SIMULATE WAYPOINT SURVEY" : ‘

720 Loop: !

730 GOTO Loop




pt
¥

> a

750
760
770
780
790
840
870
880
890
900
940
920
930
940
950
960
970
980
990
1000
1040
1020
1030
;nYC
1040
1050
1060
1070

0 KO:! ~ READ DATA FILE )

PRINT PAGF
PRINT * READ DATA FILE »
MASS STORAGE IS ":714"
PRINTER IS 0O
FIXED 2
CALL Read{(W(Xx) ,X(X),Y(X),Z(x),R1(%X),R2(X),Us(%x) ,N,F$)
PRINT *FILE=";F$;TAB(30); “SAMPLES=";N
Td_cor: !
Td_cors="N"
INPUT "CORRECT TDs? Y or N",Td_cors
IF Td_cor${>"Y" THEN Menu
PRINT "START TIME=";U$(4);TAB(30);"STOP TIME=";uUs(N)
INPUT "CORRECTION TO TDW(MICROSEC)?",MWcor
INPUT "CORRECTION TO TDX(MICROSEC)?*,Xcor
INPUT "CORRECTION TO TDY(MICROSEC)?",Ycor
INPUT "CORRECTION TO TDZ(MICROSEC)>?*,Zcor
FOR I=4 TO N
W(I)=W(I)+Wcor
X(I)=X(I)+Xcor
Y(I)=Y(I)+Ycor
Z(1)=Z(I)+Zcor
NEXT 1
PRINT “TD CORRECTIONS:";TAB(20);"Wcor=";uWcor ;TAR(3S);"Xcor=";Xcor ; TAR(S0)
or=";Ycor ;TAB(6S);"Zcor=";Zcor '
Fe=Fs&"t"
GOTO Menu
¢
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1 19%0 K231y & BTATE AND REGRESSILION

1960 MASS STORAGE IS ":T7i4"
1970 PRINT PAGE
1980 PRINT * STATISTICS AND REGRESEION OF TD DATA .
1990 PPINTER IS 0
2000 CALL Hi_lo(W(Xx) N,Bu,Lw)
E 2010 CALL Hi_lo(X(X%),N,Bx,Lx)
2020 CALL Hi_lo(Y(X),N,By,Ly)
2030 CALL Hi_lo{Z(Xx),N,Rz,L2)
2040 CALL Stat_mat<(W(xk) ,X(X),Y(X),Z(Xx),8tat(x),Cov(%x),0_set(Xx),N)
2050 CALL Reg(Stat(Xx),Cov(X),S5(X),R(X),D_set(X))
2060 PRINT “TRACKLINE=";F$;TAE(20);" START TIME=";U$(1);TAB(S0);" STOP TIME="
US(N)
2070 CALL Print(Stat(x),0_set(x),Cov(X),R(X),N,1)
2080 GOTO Menwu
2090 !

pcC
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&£232.00 KX

2140
2420
2130
2140
215

PRINTER 1S 16

PRINT PAGE

PRINT “ SEPARATE DATA INTO SUBFILES »
MASE .STARAGE IS "“:Ti4"

g CALL Beparate (WOK) ,XC(K) ,Y(K),ZCK) ,R1(K) ,R2(K) ,US(X) ,A(X),B(X),C(%),D(X),R

£1(K3 ,R2TCK) ,Ut$(X),Nt)

2160
2164
2162
2170
2180

CALL Store(A(X),B(X),C(X),D(X),RL1(X),R2t(X),Uts(X) ,Nt,F$)
INPUT "ANOTHER SEPARATION? Y or N",S$
IF UPC$(S$[41,1))="Y* THEN K3

GOTO Menu
'

A-50
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,o 2200 Kaa ! -~ PLOT TD DaTa WITH REGRESSIO

‘2210 PRINT PAGE
2220 PRINT * PLOT TD DATA WITH REGRESSION LINES »
2230 INPUT "PLOT? WX ,WY2,WZ3,XY4,XZ5,YZ6",Plot
2240 ON Plot GOTO Wx ,Wy,Wz,Xy,Xz,YZ
22%0 Wx: PRINT LINC3)
2260 CALL Plot(Lw,Bw,Lx,Bx,S5(1,1), §(2,4),W(X),X(X),R(1,4),N,"TDX","TDW",F$)
2270 PRINT LIN(3)
2280 GOTO Menv
| 2290 Wy: PRINT LINC3)
2300 CALL Plot(Lw,Bw,Ly,By,8(1,2),8(2,2),W(X),Y{X),R(1,2),N,"TDY", ‘TDU“,FS)
2340 PRINT LINC(3)
2320 GOTO Menu
2330 Wz: PRINT LIN(3)
2340 CALL Plot(Lw,Bw, Lz,Bz,S(i 3),58(2,3),W(x),Z(x),R(1,3),N,"*TDZ","TDU" ,F$)
2350 PRINT LINC(I)
2360 GOTO Menu
2370 Xy: PRINT LIN(3)
2380 CALL Plot(Lx,Bx,Ly,Ry,5(1,4),5(2,4), X(t) Y(X),R(1,4),N,"TDY","TDX",F$)
2390 PRINT LIN(3)
A 2400 GOTO Menv
1 2440 Xz PRINT LINC(3)
; 2420 CALL Plot(Lx,Bx,Lz,B2,5(1,%), 5(2 S),X(%),Z(%),R¢(1,5),N,"TDZ","TDX",F$)
2430 PRINT LIN(3)
2440 GOTO Menu
2450 Yz PRINT LINC(3)
24690 CALL Plot{Ly,By,Lz,Rz,8(1,6),8(2,6),Y(X),Z(%),R(1,6),N,"TDZ","TDY",F$)
2470 GOTO Menu
2500 !




2510 K ~ FPLOT RESITIDWUALS

2520
2530
2540
2550
aseo
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2729
2730
2740
2750
27640
2770
2780
2790
2800
28410
2820
2830
2840
2850
2860
2870
2880
2890
2900
‘2910
2920
2930
2940
2950
2960
2970
2980
3000

PRINT PAGE
Hc=0
PRINT * PLOT RESIDUALS »
INPUT “PLOT? WX4,WY2,WZ3,XY4,X75,YZ6%,Plot
ON Plot GOTO Rwx Rwy,sz ny,sz,Ryz

Rwx: 1IF R{(3,4)=2 THEN Sklpt
caLL Rplot(w(t) X(X),8¢(k),R(X),4,N,"TDW","TDX",F$)
PRINT LINCD)
GOTO Menu

Skiplii1CALL Rplotv(X(k),W(X),8(x), R(*) 1,N,"TDW","“TDX",F$)
PRINT LINC3)
GOTO Menu

Rwy: IF R(3,2)=2 THEN Skip2
CALL Rplot(W(x),Y(X),5¢(%),R(%),2,N,"TDW","TDY" ,F$)
PRINT LIN(3)
GOTO Menv

Skip2:CALL Rplot(Y(X),W(X),8¢(X),R(Xx),2,N,"TDW","TDY",F$)
PRINT LINC3)
GOTO Menw

Rwz: IF R(3,3)=2 THEN Skip3
CALL Rplot(W(X),Z(X),S5(X),R(X),3,N,*TDW","TDZ",F$)
PRINT LINC(3)
GOTO Menu

Skip3:CALL Rplot(Z(X),W(X),S8(x),R(x),3,N,"TDW","TDZ",F$)
PRINT LINC(3)
GOTO Menu

Rxy: IF R(3,4)=2 THEN Skip4
CALL Rplot(X(X),Y(X),8¢(%),R(X),4,N,"“TDX","TDY",F$)
PRINT LINC(3)
GOTO Menu

Skip4:CALL Rplot(Y(X),X(X),5(X),R(X),4,N,"TDX","“TDY",F$)
PRINT LIN(3)
GOT0 Menvu

Rxz: IF R(3,%)=2 THEN Skip$S
CALL Rplot(X(X),Z(X),5(x),R(x),5,N,"TDX","TDZ",F$)
PRINT LIN(3)
GOTO Menvu

SkipS:CALL Rplot(Z(x),X(X),S(x%),R(X),5,N,"TDX","TDZ",F$)
PRINT LIN(3)
GOTO Menv

Ryz: IF R(3,6)=2 THEN Skipé
CALL Rplot(Y(X),Z(X),8(X),R(X),6,N,"TDY","TDZ",F$)
PRINT LINC(I)
GOTO Menu

Skipé6:CALL Rplot(Z(X),Y(X) ,5(x),R(X),6,N,"TDY","TDZ",F$)
PRINT LIN(3)
GOTO Menv
'




3030
3040
3050
3054
3060
3070
3080
3090
3100
3110
3120
3121
3122
3123
3124
312%
3126
3127
3128
3129
3140
3150
‘ 3160
3170
3180
' 3210
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' EOR20 KA &

§ - -~ EDILT TID DATA
MASS STORAGE IS ":Ti14"
PRINT PAGE
PRINT *
Edit=4
INPUT “SINGLE LINE1,BLOCK2,0R TD-CLIP37",Edit
ON Edit GOTO Single,Blok,Clip,More
S8ingle1CALL Delete(W(X) ,X(X),Y(X),Z(%),R1(X) ,R2(X),Us(X),N,F$s)
GOTO More :
Blok:CALL Delete_blok(W(X),X(X),Y(X),Z(X),R1(%x),R2¢(%),Us(X),N,F$)
GOTO More
Clip:CALL Delete_td(MW(K) ,X{(X),Y(K),Z(K),RL(X) ,R2(X) ,US(X),N,F$)
More: !
INPUT “EDIT MORE DATA? (Y or N)",S$
IF UPC$(S$[1,11)="Y" THEN Kié
INPUT *“LIST DATA?",S$
IF UPCS(S$[1,11)¢(>*Y" THEN Stor
FIXED 2
FOR I=4 TO N
PRINT I;WCI) 3 XCI)3YCI);ZCI);RACII;R2(I);USCI)
NEXT 1
Stor: ! . :
INPUT * STORE EDITED DATA? YOR N *,S$
IF UPCS$(S$14,4100>"Y" THEN Menv
CALL Store(W(X),X{(X),Y(X) ,Z{(X),R1(k) ,R2¢(X),Us$(X),N,FSs)

GOTO Menu
|

EDIT TD DATA .
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3230 PRINT PAGE

3240 PRINT * CONVERT TD TO XY .

3250 MASS STORAGE IS ":T4S*"

3260 MAT Pos_x=(0)

3270 MAT Pos_y=(0)

3280 MAT Ct=(0)

32990 MAT At=(0)

3300 Chain: !

3340 IF Ci=41 THEN Wp_file

3330 INPUT “CHAIN FILE?*,Chains

3340 Ci={

3360 ASSIGN #4 TO Chains

3370 READ #1;Xmit(X),Power(X),Emis(X)

3380 Wp_file: 1

3390 IF Fi=1 THEN Xmit_coord

3400 INPUT "WAYPOINT FILE NAME?",Files

34190 Fi=4

3420 ASSIGN #1 TO Files

3430 READ #i;Wpt(Xx)

3440 Xmit_coord: !

3450 CALL Cart_coord(Xmit(X),Wpt(25,7),Wpt(25,8),Zxmit(X))
3460 UWaypoint:! !

3470 INPUT "WAYPOINT TO",Ut

3480 INPUT "WAYPOINT FROM",Wf

3490 Range_bearing: !

3500 FOR I=1 TOD 4

3510 CALL Rb(Wpt(Wt,S),WptlWt,6),Zxmit(I,1),Zxmit(1,2),Bear(I),Range(I1))
3520 NEXT 1

3530 G_mat: !

3540 Ip(L)=UWpt(¥t,S)

3550 Zp(2)=Wpt(Wt,86)

3560 CALL G_mat(Power(%),V,Range(®x) ,Bear(X),Zp(X),Aa(Xx) ,G123(x),612(x) ,6G23(x
),613(%)) . '
3570 Configuration: !

3580 PRINTER IS 0

3600 Conf=VAL(Chain¢(%5,S1)

3610 Chs=Chains$l{,4]

3630 INPUT *TWO OR THREE TD SOLUTION?",So

3640 IF So=2 THEN So2

3650 IF Sao=3 THEN So03

3660 S03: ! THREE TD SOLUTION

3670 CALL Wp3(Wpt(X),Conf ,Wt,Tp(X) ,Zpp(Xx),L$) 'WAYPOINT TD
3680 PRINT "THREE TD SOLUTION, CHAIN=";Chs$;" LOPs=";Ls$

3690 FOR I=1 TO N

3700 CALL Td3<(W(x) ,X(x),Y(x),Z(%x),I,Conf,Tq(Xx))

3740 CALL Fehg(Zxmit(X),Zpp(X),Tp(X),Tq(X),G123(Xx),Zq(x),V,3)
3720 Pos_x(1)=2q(4,4) |
3730 Pos_y(I1)=2q(2,1)

3740 DISP 1

3750 NEXT I

3760 ! CALCULATE POSITION OF FROM WAYPOINT (MWf)

3770 CALL Wp3(Wpt(Xx),Conf,Wf,Tq(X),Zxx(X),L¢) WAYPOINT FROM TD
3780 CALL Fehg(Zxmit(X),Zpp(X),Tp(x),Tq(x),G123(X),Zq(x),V,3)

K471 4+ =~ CONVERT TD T0O XY
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790 GOTO Ct_at

800 So2: ! TWO TD SOLUTION

$810 CALL Wp2(Wpt(x),Conf,Nt,Tpp(x) Pulr,pr(t) G12(x%) ,G23(%) ,0G13(x%) ,G(x),Ls
Zxmit(X),Zxm(X))

h820 PRINT *TWO TD SOLUTION, CHAIN=";Chs$;" LOPs=";L$

5830 FOR I=t FO N_ A :

5840 CALL TdZ(U(t) X(x),Y(x),Z(%),1,Conf,Pair,Tqq(Xx))

1850 CALL Fehg(an(t) pr(t) Tpp(t) qu(#) G(Xx),Zq(%),V,2)

4860 Pos_x(I)=Zq(i,1)

3870 - Pos_ y(I)-Zq(Z )

1880 DISP 1

890 NEXT I

9200 | CALCULATE POSITION OF FROM WAYPOINT (W)

940 CALL Wpf2C¢Wpt(x),Conf,Pair,Wf,Tqq(x))

920 CALL Fehg(Zxm(x) ,Zpp(X) ,Tpp(X),Tqq(X),G(X) ,Zq(x),V,2)

1930 U CALCULATE CROSSTRACK AND ALONGTRACK POSITIONS

1740 Ctr_at: CALL Ct_at(Pos_x(X),Pos_y(X),Ct(X),At(X),Wpt(Wt,S),Wpt(Wt,b),Zq(4,1
,2q(2,41),N,R,Angle)

9S50 DISP R,Angle

1960 CALL Stat_mat(Pos_x(X),Pos_y(X),Ct(X),At(X),Stat(X),Cov(X),0_set(X), N:
1970 CALL Reg(Stat(x),Cov(x),8(%),R(X),0_set(X))

1980 PRINTER IS O

1990 CALL Track(Stat(x),0_set(Xx),Cov(X) ,R(X),Sample,F$,Wt,Wf,Angle ,N)

1000 GOTO Menwu

1020
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40%0

4040
4041
4050
4051

Kaa63:1 1 ~ PLOT XY DATA

PRINT PAGE.
Plot=4
PRINT *® PLOT XY DATA .

INPUT "STANDARD XY PLOTY OR PLOT TO CHART SCALE2? 4 OR 2°",Plot

|
4052 IF Plot=2 THEN Chart i
4060 CALL Hi_lo(Pos_x(%),N,Maxx ,Minx) P
4070 CALL Hi_lo(Pos_y(X),N,Maxy,Miny) I
4080 CALL Xplot(i,Pos_x(X%),Pos_yp(X),Minx ,Maxx ,Miny,Maxy,N,1,F$,Chs,Ls,2) |
40%0 GOTO Menu ‘ i
40941 Chart: t
4092 INPUT "WAYPOINT FOR AXES?",Axes ‘
4093 Xaxes=Wpt(Axes,S) ‘
4094 Yaxes=Wpt{(Axes ,6) i
409S INPUT "WAYPOINT OFFSET FROM LOWER LEFT CORNER OF PLOT? X,Y(KH)',Xoffsc1
,Yoffset
40;6 CALL Xplot(i,Pos_x(#),Pos_y(t),ques,Xoffsct,Yoxes,Yoffsct,N,i,Ft,Cht,l
$,S)
4097 GOTO Menwu

4100 !
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Ll 4440 K491l ~ PLOT CT/ZA6T DATA

. 4120 PRINT PAGE
4130 PRINT * PLOT/LIST ALONG TRACK CROSS TRACK DATA "
4135 Opt: INPUT “PLOT 4; LIST 2; QUIT 3*,0pt
4332 IF (Opt<i) OR (Opt>3) THEN Opt
4133 ON Opt GOTO Plot,List,End
4140 Plot: CALL Hi_lo(Ct(X),N,Maxc,Minc)
4150 CALL Hi_lo(At(%),N,Maxa,Mina)
\ 4160 CALL Patct(At(%),Ct(x),N,Mina,Maxa,Minc,Maxc,Wt,Wf,F$,R,1,Data)
4161 GOTO Opt
4163 List! PRINTER 1S 0
A164 PRINT "FILE: ";F$ :
i 4165 PRINT LIN(1);"SAMPLE";TAB(1S);"ALONG TRACK (KM)*;TAB(34);"CROSS TRACK (
| M)*; TAB(SS) ; *TIME (DtH:M:8)"
A166 PRINT L1M(1)
4167 FOR I=4 TO N
4168 PRINT I;TAB(20);At¢I);TAB(37);Ct(I)X1000;TAB(SS) jUSCI)
| 4169 NEXT I
T 4170 GOTO Opt

4171 End: GOTO Menu : }'
44180 ' ,
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RO0 K2011! -~ F PREDICT TD

4210 PRINT PAGE »

4220 PRINT * TD PREDICTION .

42390 MASS STORAGE IS ":TiS*

4240 PRINTER IS 0

4250 FIXED 3

4260 IF Ci=1 THEN UWpfile

4280 INPUT “CHAIN FILE?",Chains

4290 Ci=g

4340 ASSIGN #1 TO Chain$

4320 READ #1;Xmit(%) ,Powepr (k) ,Emis(Xx)

4330 Wpfile: INPUT "IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N*,P¢

4340 IF P$="N" THEN Input

4350 IF Fi=1 THEN Jump

436460 INPUT "WP FILE NAME?",Files$

4370 Fi=4

4380 ASSIGN #1 TO Files

4390 READ #1;Wpt(Xx)

4400 Jump: INPUT "WAYPOINT NO.?7%,Hn

4410 Lat=Wpt(Wn,?7)

44210 Lan=Wpt(Wn,8)

4430 GOTO Td

4440 Input: INPUT " INPUT LAT IN DEGREES,MIN,SEC",D ,M,S

4450 Lat=D+M/60+5/3600

4460 INPUT "INPUT LON IN DEGREES,MIN,SEC",D,M,S

4470 Lon=—(D+M/60+5/3600)

4480 Td: FOR I=1 TO 4

4490 CALL Range(Lat,Lon,Xmit(I,1),Xmit(1,2),Range(l))

4500 CALL PBear(Lat,Lon,Xmit(I,1),Xmit(],2),Bear(l))

4510 NEXT I

4520 CALL Td(Range(Xk) ,V,Emis(X),Td(x)) ‘
4530 CALL G_ not(Power(t) v Ronge(#) Bear (X),Zp(X) ,Aa(X) ,G123(Xx) ,G12(x%), 6?3(*v
),G43(x)) ‘
A540 Gdop: {

4550 Gdopi2=(G12(1,1)%2+G42(1,2)%2+612(2,1)2+642(2,2)*2)X*.%

4560 Gdopi3=(Gi3(1,4)42+G413(1,2)%24643(2,4)*2+G413(2,2)*2)*.,%

4570 Gdop23=(G23(1,41)72+G23(4,2)*2+G23(2, 1) *2+623(2,2)*2)* .5

4580 Gdopi23= (8123(1 1)“2+5123(1 ?)‘2+6123(1 3)“2+G123(2 1)°2+4+6423(2,2)~2+G4
a3(z, 3 *2H)~.8

4590 FIXED 4

4610 Ché¢=Chains$[1i,4]

44620 PRINT "“CHAIN=";Ch$

4630 PRINT "LAT=";Lut TAB(41S) ; "LON=";L on

4640 FIXED 3

4660 Conf=VAL(Chain$(5,51)

4670 ON Conf GOTO Txyz,Twxy,Twxz,Tuyz

:680 Txyz:PRINT "PREDICTED: TDX=";Td(4);TAB(3S);"TDY=";Td(2);TAB(SS);"TDZ=";Td(3
4690 IF P$="N" THEN 4740

4700 PRINT “"SURVEYED: TDX=";Wpt(Wn,2);TAB(3S);"TDY=";Wpt(Wn,3)}TAR(SS);"TDZ
=" :Wpt(Wn,4)

4710 PRINT TAB(20); "RANGE(KM) " ; TAB(40) ; "BEARING(DEG) "

4720 PRINT "MASTER";TAB(20);Range(4);TAB(40) ;Bear (4)

4730. PRINT "X-RAY";TAE(20); Runqe(i);TAB(40);BedP(1)




4740 PRINT “YANKEE®;TAB(20);Range(2);TAB(40);Bear(2)
4750 PRINT "ZULU";TABC(20);Range(3);TAB(4A0) ;Bear(3) : 3
4760 PRINT TAB(22);%“XYZ*;TAB(37);*XY";TAB(S2);*“X2*;TAB(67)}"YZ" | 1
4770 PRINT “GDOP (M/NANOSEC)*;TAB(20);Gdopi23;TAB(3S) ;Gdopi2;TAB(S0) ;Gdepi3;TA |

B(65S) ;Gdopa3

4780 GOTO Menu

4790 Tuxy:PRINT "PREDICTED: TDW=";Td(1);TAB(3S);"TDX=";Td(2);TAB(SS);"TDY=";Td(3
N .

4800 IF P$="N" THEN 4820

4810 PRINT “SURVEYED: TDW=";UWpt(Wn,1);TAB(3S) ;" "TDX=";Wpt(Wn,2);TAB(SS®};"TDY
="sWpt(n,d) :

4820 PRINT TAR(20) ; "RANGE(KM) *; TAR(40); “BEARING(DEG)*

4830 PRINT "MASTER";TAB(20);Range(4);TAE(AD) ;Bear (4)

4840 PRINT “WHISKEY";TAB(20);Range(1);TAE(40) ;Bear(i)

4850 PRINT *“XRAY";TAB(20);Range(2);TAE(40) ;Bear(2)

4860 PRINT “YANKEE";TAB(20);Range(3);TAE(A0);Bear(3)

4870 PRINT TAB(22); "WXY";TAB(37);"WX*;TAB(S2); "WY"; TAB(67); "XY" :
4880 PRINT “GDOP(M/NANOSEC)";TAB(20);Gdopi23;TARB(3S) ;Gdopi2; TAB(S0) ;Gdopi3;T
AR(65) ;Gdop23 .

4890 GOTO Menuv

4900 Twxz:PRINT "PREDICTED: TDW=";Td(1);TAB(3S);"TDX=";Td(2);TAB(SS);"TDZ=";Td(3
)

4910 IF P$="N" THEN 4930 :

4920 PRINT "SURVEYED: TDW=";uWpt(lWn,1);TAB(3S);"*TDX=";Wpt(Wn,2);TAB(SS);"TDZ
=":Wpt(Wn,4)

4930 PRINT TAE(20); "RANGE(KM)";TAR(A0); “BEARING(DEG)*

49490 PRINT “MASTER";TAR(20);Range(4);TAR(A0) ;Hear (4)

4950 PRINT "WHISKEY";TAB(20);Range(1);TAR(40) ;Bear (1)

4960 PRINT *XRAY";TAE(20);Range(2);TAB(40) ;Eear(2) ;
4979 PRINT "ZULU";TAB(20);Range(3);TAR(40) ;Rear(3) i
4980 PRINT TAE(22); "WXZ"; TAR(37); "WX"; TAB(S2) ; “WZ"; TAR(&7) ; "XZ* |
4990 PRINT *"GDOP (M/NANOSEC)*;TAB(20);CGdop123;TAR(3S);Gdopi2;TAB(S0) ;Gdopi3;T |
AB(65) ;Gdop23 !
S000 GOTO Menvu

S040 Twyz:PRINT "PREDICTED: TDW=";Td(4);TAR(3S);"TDY=";Td(2);TAB(5S);*TDZ=";Td(3
)

S020 IF P$="N" THEN 5040

5030 PRINT “SURVEYED: TDW=";Wpt(ln,1);TAR(3S);"TDY=";uWpt(Wn,3);TAE(SS);"TDZ .
=";Wpt(Wn,4) ' :
5040 PRINT TAE(20); "RANGEC(KM) " ; TAR(A0) ; "BEARING(DEG)> "

S0S0 PRINT "MASTER";TAR(20);Range(4);TAR(A40) ;Rear (4)

S060 PRINT "WHISKEY";TAB(20);Range(4);TAB(A0) ;Rear(4)

S070 PRINT "YANKEE";TAB(20);Range(2);TAR(A0) ;Bear(2)

5080 PRINT "ZULU%;TAB(20) ;Range(3) ; TAR(A40) ; Bear(3) ;
5090 PRINT TAER(22); "WYZ";TAK(37);"WY"; TAR(S2) ; "WZ" ; TAR(67);"YZ" :
5100 PRINT "GDOP(M/NANQSEC)";TAE(20);Gdopi23; TAE(3S) ;Gdop12; TAR(S0) ;Gdopi3;T
AB(6S) ;Gdop23

S1410 GOTO Menv

5130 !




5440 K& SALCULATE WAYPOINT

5150 PRINTER 18 16

5160 PRINT PAGE

S170 PRINT * CALCULATE WAYPOINT
5180 MASS STORAGE IS "“:1T714"

5190 PRINTER 1S 0
5200 ! TYPE OF DATA FILE
5210 Read=41 '
5220 INPUT "DATA FILE TYPE? TDA&RANGEL OR TD ONLY2",Read

5230 IF (Read{(>1) AND (Read<)>2) THEN 5220

5240 ! READ FIRST DATA FILE AND CALCULATE STATS

5250 ON Rend GOTO $260,5280 ,

5260 CALL Read (W(X) ,XC(X),Y(X),Z(X),R1(X),R2(%X),Us(x),Ns,F$)

5270 GCOTO 5290

5280 CALL Rend_altC(W(k) ,X (k) ,Y(X),Z(X),Us(X),Ni,F$)

5290 PRINT “TRACKLINE ONE=",F$

S300 CALL Stat_mat(Wk) ,X(K),Y(X),Z(x),Stat(Xk),Cov(X),0_set(X),N1)
S340 CALL Reqg(Stat(Xx),Cov(X),S54(X) ,Rone(X) ,0_set(X))

5320 CALL Print(Stat(X),0_set(X),Cov{(X),Rone(X),Ni,1)

5330 ! . READ SECOND DATA FILE AND CALCULATE STATS

S3490 ON Read GOTO $3%50,5370

S350 CALL Read (W(X) ,X(X),Y(k),Z(X),RL(X),R2(X) ,Us$(%) ,N2,F$)

S360 GOTO S380

5370 CALL Read_alt(W(k) ,X(X),Y(X),Z{(X),Us(x) ,N2,F$)

sS380 PRINT “TRACKLINE TWO=",F$

5390 CALL Stat_mat{W(Xx),X(X),¥Y(X),Z(X),Stat(x),Cov(X),0_set(X),N2)
5400 CALL Reg(Stat(x),Cov(X),52¢(%) ,Rtwo(X),0_set(X))

S410 CALL Print(Stat(x),0_set(X),Cov(X),Rtwo(X),N2,1)

5420 ! CALCULATE INTERSECTION OF REGRESSION LINES

5430 CALL Way(S1(x) ,82(X),Rone(%X),Rtwo(X),Ni,N2,Wp (X))

S440 CALL Wprint(uWp(x))

54%0 GAOTO0 Menu

S460 !
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B4 70 K223 ) O DAILSY Z:H-QIN

S480 PRINT PAGE

S490 PRINT * DAISY CHAIN .
5500 PRINTER 1S O

8540 MASS STORAGE IS *:1T4S*

5520 ' INPUT CHAIN DATA

8830 IF Ci=1 THEN 5610

5550 INPUT "CHAIN FILE?",Chain$

5560 Ci=4

K580 ASSIGN #4 TO Chains

590 READ &% ;Xmit(X) ,Power(x), Enis(t)
S6410 .Conf=UAL(Chuxh$[5 s

5620 - Chs=Chains[4,4]

%630 ' INPUT WAYPOINT FILE DATA
5640 IF Fi=4 THEN S690

S650 INPUT "WP FILE?",Files

S660 | Fi={ co ‘

S670 ASSIGN #4 TO Files

5680 . READ #fjlpt(x)

|
1
|
i
!
!
i
1
i
i

5690 { CALCULATE XY COORDINATES OF TRANSMITTERS
S700 CALL Cart_coord(Xmit(X),Wpt(25,7),Wpt(25,8) ,Zxmit(X))
5710 ! INPUT START AND STOP UAYPDINTS

5720 INPUT “START WAYPOINT NO.7",Rw

5730 INPUT "END WAYPODINT 7*,Iw

5740 ) CALCULATE G-MATRICES FOR Rw ;
5750 FOR I=4 TO 4 i
760 CALL Rb(Upt(Ru S),Wpt(Rw,6),Zxmit(1,41),Zxmit(I,2),Bear(1l),Range(I)) i
5770 NEXT I ,
8780 Zp(i)=UWpt(Rw,S)

5790 Zp(2)=Up t(Rw,b)

S800 CALL G_mat(Power(X),V,Range(X) ,Bear(X),Zp(X),Aa(Xx) ,GC123(X) ,G412(X),G23(X)
,G13(%))

SRe10 ' INPUT TWO OR THREE TD SOLUTION

€820 INPUT "TWO OR THREE TD SOLUTION? 2 OR 3",So

5830 IF (So0¢2) DR (S0)>3) THEN S820

S840 IF So=2 THEN Ctwo

sS8%0 IF S0=3 THEN Cthree

S840 ! CALCULATE PNSITION OF Iw
S870 Ctwo! ) TWO TD SOLUTION
S880 CALL Wp2(Wpt(x),Conf ,Rw,Tpp (%) ,Pair,Zpp(X),G12(X) ,GR3(X),G13(X),6(X),Ls
CyZxMit(X) ,Zxm(X))
890 PRINT "TWO TD SOLUTION, CHAIN=";Ch¢;" LOPs=";L$
5900 CALL Wpf2<Upt(x),Conf,Pair,Jw,Tqq(x))
S910 CALL Fehg(Zxm(Xx), pr(*) Tpp(t) Tqq(¥),E(x),2q(%X),V,2
S920 GOTO Print
S930 Cthree: | THREE TD SOLUTION
5940 CALL Wp3(Wpt(X) ,Conf Rw,Tp(Xx),Zpp(X),LS)
- 5950 PRINT "THREE TR SOLUTION, CHAIN=";Chs$;" LOPs=";L$
‘ 5960 CALL Wp3(Wpt(x),Conf ,Iw,Ta(x),Zxx(X),Ls)
1 i 5970 CALL Fehq(anlt(#) pr(t) Tp(x), Tq(*) Gi23(%x),Z2q(X),V,3)
- S980 Print: PRINT PESULTS
i} ' S990 DEG
i &000 Dx=2q(1,1)~Wpt(Rw,S)
‘ 6010 Dy=2q(2,4)-Wpt(Rw,&)




prr—"

6020
6030
6040
6050
6060
6070
6080
6090
6100
6110
6120

‘ 6130
6140
6150
)"
6160
6170
6180

: ON="3;Wpt(Iw,8)

| 6190
- 6200
: 6210
i 6220
6230
6240
6250
6260
6270

. -

Dlat=Dy/(1,.852%60)

Dlon=Dx/ (4 .852%60%XCOS(Wpt(RwW,7)))

Lat=Wpt(Rw,7)+Dlat

Lon=Wpt(Rw,8>+Dlon

A=ATN(Dx/Dy)

IF Dy<0 THEN A=A+i80

IF A<D THEN A=A+360

R=SQR(Dx*2+Dy*2)

FIXED 0 ’

PRINT "LOCAL GRID CENTERED AT WP";25

PRINT * WAYPOINT";Iw;"REFERENCED TO";Rw

FIXED 3 ‘ ‘
PRINT TAR(10);"Dx=";Dx,*Dy=";Dy;TAB(40);"D_lat=";Dlat,"D_lon=";Dlon
PRINT TAR(10); "ANGLE=";A;" RANGE=";R;“KH(“;R/1.BSZ;“NH,“;R/.9144;“KYD\

PRINT TAR(40);"X=";Zq(1,1),"Y=";Zq(2,1);TAB(40) ;"LAT=";Lat,"LON=";Lon
PRINT “CURRENT CO~ORDINATES:*
PRINT TAR(40);*X=";Wpt{Iw,5),"Y=";Wpt(Iw,6);TAB(4.)} "LAT=";Upt(Iu,7)," L

INPUT “CHANGE POSITION AND LAT/LON OF WAYPOINT OF INTEREST? Y OR N",Ch$
IF Chs{)"Y" THEN 4260

Wpt(Iw,5)=Zq(4,1)

Wpt(lIw,6)=Zg(2,1)

Wpt(iw,7)=Lat

Wpt(lw,8)=Lon

PRINT "WAYPOINT TARLE CHANGED"

GOTO Menu




ot

&30 2% ! »~ WAYPOINT FYILE

6290
6300
6310
6320
6330
6350

PRINT PAGE

PRINT * FILE WAYPOINT DATA
MASS STORAGE IS ":T4i5*

CALL Wpfile(Wpt(x),Fi,Files)
GOTO Menv

\
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6370 PRINT PAGE
6380 PRINY * MOVE: CALCULATES Tdq=Tdp+h{(Zq)-h(Zp) .
63%0 PRINTER IS 0
64090 MASS STORAGE I8 *;T4i5“
64140 FIXED 3
6420 INPUT CHAIN DATA
6430 IF Ci=1 THEN 65410
6450 INPUT “CHAIN FILE?%,Chaine
: 6460 Cimg
6480 ASSIGN #1 TO Chains
6490 READ #1;Xmit(X),Power(x),Emis(X)
65140 Che=Chain$(4,4]
6520 Conf=VAL(Chains[5,%1)
6530 ! INPUT NAYPOINT FILE DATA
6540 IF Fi=4 THEN 6590
6550 INPUT "WAYPOINT FILE?",File$
6560 Fi=4
65790 AGSIGN #1 TO Files
6580 READ #5i;Wpt(X)
6590 ' INPUT WAYPOINT NUMBER AND OFFSET
6600 INPUT "WAYPOINT?",UWp
6610 INPUT "Dx/Dyi OR Runge/Beurtngu, 1 OR 2" ,Move
6620 IF (Moved(21) AND (Move()>2) THEN 6640
6630 ON Move GOTO X_y,Rb
6640 X_y: INPUT "INPUT Dx(KM)",Dx
6650 INPUT "INPUT Dy(KM)*,Dy
6660 GOTO 6700
6670 Rb: INPUT "RANGE(KM) AND BEARING(DEG)",R,E ;
6680  Dx=RXSIN(B) J
66910 D9=RXCOS(B)
6700 CALCULATE XY COORDINATES OF TRANSMITTERS
6740 CALL Cort_coord(Xmit (k) ,Wpt(25,7),Wpt(25,8) ,Zxmit(Xx))
6720 ! CALCULATE h(Zp)
6730 Zp(i)=Upt(Wp,s) ) :
6740 Zp (2)=UWpt(Wp,6)
6750 FOR I=1 TO 4
6760 CaLL Rb(Zp(1),Zp(2),Zxmit(I,4),Zxmnit(],2),Rear(I),Range(l))
6770 NEXT 1
6780 FOR I=1 TO 3 3
6790 T(I)=(Range(I)-Ranqge(4))/V ]
6800 NEXT I '
6810 CALCULATE Dtd=h(Zq)~-h(Zp) P
6820 Zp(1)=2p(1)+nx P
6830 Zp(2)=Zp(2)+Dy
6840 FOR I=1 TO 4
68%0 CALL Rb(Zp(1),Zp(2),Zxmit(X,4),Zxmit(1,2),Bear(1),Range(l))
6860 NEXT I '
6870 FOR I=4 TO 3
6880 T(I)=(Range(I)-Ranqge(4))/V-T(I)
6890 NEXT I
6900 ! PKINT RESULTS AND APPLY CORRECTION TO WP(OPTIONAL)
6910 FIXED 3
6920 PRINT “AT WAYPOINT:";Wp;", A MOVE OF Dx=";Dx} "KM AND Dy=*;Dy;"KM"

} | 660 K2a11 ~ TD MOUVE
|




6930
6940
69590
6969
6970
6980
6990
7000
7040
7020
7030
7040
7050
7060
7070
7080
7090
7400
7140
7420
7430
7140
74%0
7460
7470
7180
7190
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7300
73410
7320
7330
7340
7360

c e e e e e T T o BT I O

PRINT “RESULTS IN TD CHANGESB(MICROSEC). OF 1"
DN Conf GOTO Dxyz,Duwxy,Dwuxz,Duyz

Dxyz iPRINT TAB(S);“Dtdx=";T(1);TAB(20);*Dtdy=";T(2);TAB(40);"Drdz=";7(3)
INPUT "APPLY CORRECTION TO WP? Y OR N*,Cors
IF Cor$(>“Y" THEN Menv
Wpt(Wp,2)=Wpt(Wp,2)+T(4)

Wpt(Wp,3)=Wptiuwp ,3)+T(D)

Wpt(uWp ,4)=Upt(UWp,4)+T(3)

Wpt(Wp,S5)=Zp (1) )

Wptd(up ,6)=Zpl)

PRINT “WAYPOINT TD AND POSITION CORRECTED*
GOTO Menv . . -

Duxy :PRINT TAB(S);*Dtdw=";T(1); TAB(20);"Dxdx=";T(2);TAR(A0) }; *Dtdy=";T(3)
INPUT “APPLY CORRECTION TO WP? Y OR N",Cors
IF Cors$<{>"Y* THEN Menu
Wpt(Wp,1)=Wpt(UWp,1)+T(1)

WptiuWp ,2)=Wpt(Wp,2)+T(2)

Wpt(uWp ,3)=Wpt(Wp,3)+T(3)

Wpt(Wp ,5)=Zp(i)

Wpt(UWp,6)=Zp(2)

PRINT “WAYPOINT TD AND PNSITION CORRECTED"
GOTO Menv

Duxz:PRINT TAR(S);"Dtdw=";T(L);TAB(20);"Dtdx=";T(2); TAB(40);"Dtdz=";T(3)
INPUT “APPLY CORRECTION TO WP? Y OR N",Cors
IF Cors${>"Y" THEN Menvu ,
Wpt(Wp,1)=Wpt(uWp,43+T(1)

WptiWp ,2)=Wpt(Wp ,2)+T(2)
Wpt(Wp,4)=Wpt(UWp,4)+T(3I)

Wpt(Wp,S)=Zp(1)

Wpt(Wp,6)=2p(2)

PRINT “"WAYPOINT TD AND PDSITIDN CDRRECTED"
EOTO Menv

Duyz :PRINT TAB(S) ;"D1duw=";T(41);TAB(20) ;"Dtdy=";7(2);TAB(40) ; *Dtd2=";T(3)
INPUT “APPLY CORRECTION TO WP? Y OR N",Cors
IF Cors(>"Y" THEN Menvu
Wpt(Wp,1)=Wpt(Wp,1)+T (1)
Wpt(Wp,3)=Wpt(uWp,3)+T(2)
Wpt(Wp,4)=UWpt(Wp,4)+T(3)

WptiWp ,S)=Zp(4)
Wptiup ,6)=Zp(2)
PRINT "WAYPOINT TD AND POSITION CORRECTED"

GOTO Menu
'

A-65




TEEHL KRS0~ LINK DOaTAa FILES

7380
7390
7400
74410
7420
7430

7440

7450
7460
7470
7480
7484

PRINT PAGE _ ;
PRINT * LINK TD DATA FILES .

MAT W=(0)

MAT X=(0)

MAT Y=(0)

MAT Z=(0)

FOR I={ TO 400

u‘,ll'

NEXT I

CALL Link(W(K), XCK), Y () ,Z(%),RECK) ,R2CK) ,USCK) ,N,F$)

GOTO Menu
'




7490 K261 STORE CHAIN DATA

7500
17540
17520
. 7530
7540
7550
7560
7570
7580
7590
7600
76410
7620
7630
7640
7650
72660
7670
7680
7690
7700
7740
7720
7730
7740
7750
7760
7770
7780
7790
7800
7840
7820
7830
7840
7850
7860
7870
7880
i7890
7900
SION
7940
7920
7930
7940
7950
7960
7970
7980
is(i)
7990
is(2)

MASS STORAGE 18 *:1T1S®
PRINTER IS i&
PRINT PAGE
PRINT * STORE CHAIN DATA *
PRINT LINC10)
PRINT "PLACE TAPE CARTRIDGE IN RIGHT HAND TAPE DRIVE®"
} INPUT FILE NAME AND CHECK FOR CORRECT FORMAT
INPUT “INPUT CHAIN FILE NAME*,Chain$
IF LEN(Chain$)<)>S THEN 7570
IF (VAL(Chain$[5,51)%4) OR (VAL(Chain$[5,51)¢4) THEN 7570
Conf=VAL (Chain$L5,51)
! INPUT MASTER DATA
PRINT PAGE,LIN(20)
PRINT "INPUT MASTER DATA"
INPUT “MASTER LATITUDE? D,M,S",D,M,S
Xmit(4,1)=D+M/60+5/3600
INPUT “MASTER LONGITUDE? D,M,S",D,M,S
Xnit(4,2)==(D+M/60+5/3600)
INPUT *MASTER POWER LEVEL? KW",Power(4)
' INPUT SECONDARY DATA
IF Conf=4 THEN Li$="TDX*
IF Conf(>1 THEN Li$="TDW"
IF (Conf=2) OR (Conf=3) THEN L2¢="TDX"
IF (Conf=1) OR (Conf=4) THEN L2$="TDY"
IF (Conf=2) DR (Conf=3) THEN L3$="TDY"
IF (Conf=1) OR (Conf=4) THEN L3I$="TDZ"
FOR I={ TO 3
PRINT PAGE,LIN(20)
IF I=1 THEN PRINT “INPUT "“&L1$&* DATA"
IF I=2 THEN PRINT "INPUT “AL2$A" DATA"
IF I=3 THEN PRINT “INPUT “AL3$&" DATA"
INPUT "LATITUDE? D,M,S",D,M,S
XMit(1,4)=D+M/60+5/3600
INPUT "LONGITUDE? D,M,S",D,M,S
Xmit(1,2)=-(D+M/60+5/3600)
INPUT “POWER LEVEL? KW",Power(I)
INPUT "EMISSION DELAY?",Emis(I)
NEXT I
y PRINT DATA TABLE AND CHECK FOR ERRORS
PRINT PAGE
PRINT “STATION";TAR(15);*LAT*;TAB(30);"LON";TAB(AS) ; "POWER"; TAB(&0) ; "EMIS

DELAY" .

PRINT LINC2)

Ld=INT(Xmit(4,1))

La=INT(FRACT(XMit(4,1))%60)

Ls=FRACT(FRACT(Xmit(4,1))%60)%60

PRIN? Ld,Lm,Ls

FIXED 4

PRINT "MASTER";TAB(15)}Xmit(4,1);TAB(30) ;Xnit(4,2);TABCAS) jPower(4)

PRINT Li$;TAB(15);Xmit(1,1);TAB(30);Xnit(1,2);TABCAS) ;Power(1);TAB(60);En

PRINT L28;TAR(L5) ;Xmit(2,4) ;TAB(30) ;Xnit(2,2) ; TABCAS) jPower (2) ; TAR(L0) ;En

|
i
J
|
i
|
|
i

i 4

!
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8000
is(3)
8010
8020
8030
8040
8050
8060
8070
8080
8100

PRINT L3$;TAB(15)3XH1?(3,1);TAB(30);anf(S,2);TAB(4S))POHCP(3);TAB(60);ER,

INPUT “18 DATA CORRECT? Y OR N*,Cs
IF DATA INCORRECT REENTER

IF Cs="N" THEN 76140

! FILE DATA
CREATE Chains,i
ASSIGN #4 TO ChQLnQ
PRINT #4;Xmit(X),Power(X),Enis(xXx)
GOTO Menvu

]




’ ?Qiio Ka&2'27 s ) ~ PROJIECT TDwm

8420 PRINTER IS 46
8130 MASS STORAGE IS ":T4S*
8440 PRINT PAGE
8450 PRINT " MEASURED-PROJECTED TDs .
8160 ! INPUT CHAIN DATA
8170 IF Ci=1 THEN 8250
8190 INPUT "CHAIN FILE?*,Chains
, 8200 Ci=t
8220 ASSIGN #1 TO Chains
8230 READ #1;Xmit(X),Power (X),Enis(X)
8250 Conf=VAL(Chain$[5,51)
8260 Ch$=Chain$[1,4]
! 8270 ! INPUT WAYPOINT FILE DATA
8280 IF Fi=1 THEN 8330
8290 INPUT "WAYPOINT FILE NAME?",File$
8300 Fi=t
B340 ASSIGN #1 TO Files
8320 READ #1;Wpt(X)

8330 ! CALCULATE XY COORDINATES OF XMITTERS

B340 CALL Cart_coord(Xmit(X),Wpt(25,7),Wpt(25,8),Zxmit (X))

8350 ! INPUT WAYPOINT OF INTEREST

8360 INPUT "WAYPDINT FROM WHERE DATA IS TO BE PROJECTED?",W

8370 ! CALCULATE REFLECTED TD ARRAYS

8380 CALL Project(W,Wpt(X),WOX),X(X),Y(X),Z(X),Pos_x(X),Pos_y(X),Conf,Zxmit(X),
N,V)

8390 CALCULATE STATS AND PRINT RESULTS

8400 PRINTER IS 0

8410 PRINT "RESULTS OF CALCULATING MEASURED TDs-PROJECTED TDs FROM WP“;W;"“; FIL
E=";Fs$

8420 Fe=Fsa")"

B430 PRINTER IS 16

8440 GOTO K2 ! CALCULATE STATS

8460 !
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8480 MASS STORAGE I8 “:TiS" \
8490 PRINTER IS 16

8500 PRINT PAGE

8540 PRINT * SIMULATE WAYPOINT SURVEY » ‘
8%2n ! INPUT CHAIN DATA j
8530 IF Ci=1 THEN 8610 |
8550 INPUT "CHAIN FILE?”,Chains$

8560 Ci=i [
8580 ASSIGN #4 TO Chain$ ]
8590 RFEAD #1;Xmit(X),Power(Xx),Emis(X)

8610 Conf=VAL(Chain$(%,51)

8620 Ch$=Chain$l1i,4) ,
8630 ! INPUT WAYPOINT FILE DATA ]
B640 IF Fi=1 THEN 8690

8650 INPUT "WAYPOINT FILE NAME?",Files$

8660 Fi=%

8670 ASSIGN #1 TO File$

8680 READ #4;Wpt(Xx)

8690 ! INPUT WAYPOINT

8700 PRINTER IS 0

8710 INPUT “"WAYPOINT OF INTEREST?",Wp

8720 PRINT "WAYPOINT=";Wp

8730 ! CALCULATE ANGLES TO AJOINING WAYPOINTS

8740 CALL Rear(Wpt(Wp-1,7),uWpt(Wp~1,8),WptWp,?7),Wpt(Wp,B),Ca) :
8750 CALL Rear(Wpt(uWp+1i,7) ,Wpt(Wp+4,8),Wpt(Wp,7) ,Wpt(Wp,8),Ch) i
8760 FIXED 5
8770 PRINT "COURSE LINE ONE=";Ca;TAR(A4S5);"COURSE LINE TWO=*;Cb

8780 ! INPUT START AND STOP POINTS

8790 INPUT "START POINT RELATIVE TO WAYPOINT(KM)",Ds

8800 INPUT "STOP POINT RELATIVE TO WAYPOINT(KM)",De

8810 PRINT "START POINT=";Ds;" KM FROM WP";Wp;TAR(AS); *“STOP POINT=";De;" KM FR
M WP";Wp

8820 ! INPUT NOISE LEVEL AND NUMEBER OF SAMPLES

8830 INPUT "EXPECTED STANDARD DEVIATION OF TDS(MICROSEC)",Sigma

B840 INPUT "NUMRER OF SAMPLES PER TRACKLINE",N

8850 FIXED 3

8860 PRINT "NOISE=";Sigma;” MICROSEC";TAHR(45);"SAMPLES=";N

8870 ! CALCULATE AND REDUCE TRACKL.INE ONE DATA

8880 Zp(i)=Wpt(up,7)

8890 Zp(2)=UWptlWp,8)

8900 CALL Data(uW(x),X(X),Y(Xx),Z(Xx),N,Ca,Ds,De,Sigma,Xmit(Xx),Zp(Xx),V,Conf)

8940 CALL Stat_mat(W(k) ,X(X),Y(X) ,Z(%),5tat(x),Cov(Xx),0_set(x),N)

8920 CALL Reg(Stat(x),Cov(x),51(%),Rone(x),0 set(X))

8930 PRINT “TRACKLINE ONE: WAYPOINT ";Wp-1;" TO WAYPOINT ";Wp

8940 CALL Print(Stat(%),0 _set(X),Cov(X),Rone(Xx),N,1)

B89sn CALCULATE AND REDUCE TRACKLINE TWO DATA

8960 CALL Data(W(x),X(X),Y(X),Z(x),N,Cb,Ds,De,Sigma,Xmit(X),Zp(Xx),V,Conf) :
8970 CALL Stat_mat(W(k) ,X(X),Y(X) ,Z(X),Stat(x),Cov(X),0_set(x),N) ;
8980 CALL Reg(Stat(X),Cov(X),S2(X),Rtwo(X),0_set(x))

8990 PRINT “TRACKLINE TWO: WAYPOINT ";Wp+i;" TO WAYPOINT “;Wp

2000 CALL Print(Stat(x),0_set(X),Cov(X),Rtwo(Xx),N,1)

9040 ! CALCULATE WAYPOINT

9020 CALL Way(S1(x),S52(x),Rone(X) ,Rtwo(X),N,N,Wp(x))




{ 9030 CALL Wprint(Wp(x))
| 19040 GOTO Menv
19050 END
9084 |
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9060
9070
2080
9090
2400
9440
9120
9130
2440
9150
7160
91790
9180
?190
9200
210
9220
9230
9240
9250
9260
9270
2280
9290
7300
9310
9320
9330
9340
9350
9360
9370

SUB Reg(Stat(Xx),Cov(X),5(X) ,R(X),0ffset(X))
OPTION BASE §

DEFAULT ON
S$(4,1)=5(1,2)=8(4,3)=85tat(3,1)+0ffset(1)
$(1,4)=5(1,5)=81ta1(3,2)+0ffset(2)
6¢(1,6)=5tat(3,3)+0Fffset(I)
§(2,1)=81at(3,2)+0ffset(2)
$(2,2)=5(2,4)=5tat(3,3)+0ffset(3)
8(2,3)=5(2,5)=8(2,6)=51tat(3,4)+0ffset(4)
S$(3,1)=5(3,2)=8(3,3)=5tat(4,1)
§(3,4)=5(3,%)=5tat(4,2)

$(3,6)=5tat1(4,3)

6$(4,1)=5tat(4,2)

S$(4,2)=5(4,4)=51tat(4,3)
5(4,3)=5(4,%)=5(4,6)=8tat(4,4)

FOR I=14 YO &

Ind_var:)

Iv=4

D=2

IF S(4,1)>S(3,1I) THEN Ty=2

IF S(4,1)>5(3,I) THEN D=1

R(3,I)=1Iv

Slope: ! .
R(1,I)=Cov(3,I)XS(D+2,I)/8(Iv+2,1)

IF Iv=2 THEN R(4,I)=1/R(1,I)

Residual:!

C=4-Cov(3,I)*2

IF C<0 THEN 9350

R(2,1)=5(D+2,1)%C*.S

NEXT I

SUBEND
!
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9390 SUEB Print(Stats(X),0_set(X) ,Cov(X),R(X),Sanple,V)
9400 OPTION BASE 1

9410 FOR I=t TO 3

2420 FOR J=1 TO &

9430 IF R(I,J)>>100 THEN R(I,J)=0

9440 IF Cov(3,J)>100 THEN Cov(3,J)=0

92450 NEXT J

?460 NEXT 1

9470 PRINT RPTS("_",80)

9480 IF V=2 THEN 9630

2490 PRINT LINC1);TAB(24);" TDW ";TAB(36);" TDX ";TAR(S1);" TDY “;TAB(6H);" TD

9500 FIXED 3
9540 PRINT LINC1);TAB(4);"CUMULATIVE AVERAGE";TAB(20);Stats(3,1)+0_set(1);TAR(
35);Stats(3,2)+0_set(2); TAR(S0) ;Stats(3,3)+0_set(3);TAR(LS) ;Stats(3,4)+0_set (4)

9520 PRINT LINC1);TAR(1);"STANDARD DEVIATION";TAB(20);Stats(4,1);TAB(3S);Stats

(4,2);TAB(S0);S5tats(4,3) ; TAR(H5) ;Stats(4,4)

9530  PRINT LINC1);TARCL);"TD PAIR";TARCL7);"WX";TAR(27) ; "WY"; TAR(37) ; “WZ"; TAE(

47);“XY*; TAB(S7) ; "XZ" ; TAB(&7) 3 "YZ"

9540  PRINT LINC1);TAB(1);"CORR COEF";TAB(15);Cov(3,1);TAR(2S);Cov(3,2); TAR(3S)

;Cov(3,3);TAB(45) ;Cov(3,4) ; TAK(S5);Cov(3,5) ; TAR(65) ;Cov(3,6)

9550  PRINT LINCL);TAECL);"SLOPE";TAB(L5) ;R(1,1);TAR(2S);R(1,2) ; TAB(3S);R(1L,3);

TAB(45) ;R(1,4) ; TARCSS) ;R(1,5) ; TARCH5) ;R(L,6)

9560  PRINT LINCE);TAR(L);“RESIDUAL";TAR(1S);R(2,1) ; TAR(25) ;R(2,2);TAR(3S) ;R(2,

3); TAB(4S) JR(2,4) ; TAR(SS) ;R(2,5) ; TAK(65) ;R(2,6)

9570  STANDARD

9580  PRINT LINC1);TAB(L);"IND VAR";TAE(17);R(3,1);TAR(27);R(3,2);TAB(37);R(3,3

) ; TAB(47);R(3,4);TAR(S7) ;R(3,5) ; TAR(67) ;R(3,6)

9590 PRINT LINC1);"“SAMPLES=";Sample

9600  PRINT RPT$("_%,80)

9640  PRINT LINCY)

9620  SUBEXIT

9630 FIXED 3

9640  PRINT LINCL);TAR(214);" R1  “;TAE(36);" R2 “;TAB(S1);" X  “;TAR(6L) ;" Y
L]

9650  PRINT LINC1);TAE(L);"CUMULATIVE AVERAGE";TAR(20);Stats(3,1)+0_set(i);TARC
35);51a15(3,2)+0_set(2) ;TAR(S0) ;Stats(3,3)+0 set(3);TAR(65);5tats(3,4)+0_set(4)
9660  PRINT LINC4);TAB(1);"STANDARD DEVIATION";TAR(20);Stats(4,1);TAR(3S); ;Stats
(4,2) ;TAB(50) ;Stats(4,3) ; TARCLS) ;5tats(4,4)

9670  PRINT RPT$(*_",80)

9680  SUEEND

9690
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9740
9720
9730
9740
9750
9760
92770
2780

SUB Hi_lo(X(¥),N,Hi,Lo)

Hi=X(1)
Lo=X(4)

FOR I=4 TO N
Lo=MIN(X(I),Lo)
Hi=MAX(X(I),Hi)
NEXT I

SUBEND
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.. 9790 SUB Plot(Lx,Hx,Ly,Hy,Xx,Yx,X(X),Y(X),84,N,X$,Y$,F$)
| 9800 OPTION BASE 4
9810 PLOTTER IS 13, "GRAPHICS"
9820 GRAPHICS
9830 LOCATE 10,90,20,100
9840 SHOW Lx—1,Hx+1,Ly—1,Hy+1
9850 AXES 1,4,Xx,Yx
9860 LINE TYPE 2
9870 FOR I=4 TO N
9880 DRAW X(IY,Y(I)
, 9890 NEXT I
9900 LINE TYPE 4§
9910 MOVE Lx,SE¥(Lx~Xx)+Yx
9920 DRAW Hx,SiK(Hx-Xx)+Yx
9930 Label:CSIZE 3
9940 LORG S
9950 LOCATE 0,125,0,20
9960 SCALE 0,100,0,20
9970 MOVE 50,15
9980 LABEL USING "#,K";X$;" VS ";Y$;" & REGRESSION LINE"
9990 MOVE S0,10
10000 LAREL USING "K";"ONE MICROSEC/DIV"
10040 MOVE S0,S :
10020 LAREL USING "K";“FILE="AF$
10030 PAUSE
10040 INPUT "HARD COPY? Y OR N",Hc$
; 10050 IF Hc$<>"Y" THEN 10070
H 10060 DUMP GRAPHICS
10070 EXIT GRAPHICS
10080 SUREND
10100 !
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10140
10120
104390
10140
10450
10160
10470
10180
10490
10200
10210
10220
10230
10240
10250
10260
10270
10280
10290
10300
10310
10320
10330
10340
10350
10360
10370
10380
10390
10400
10440
10420
10430
10440
10450
10460
10470
10480
10490
10500
10510
10520
10530
10540
10550
105640
10570
10580
10590
10600
10640
10620
10630
10640
10650

SUB Rplot(Tv(X),D(X),S(X),R(X),Pr,N,Vis$, V28,F$)
OPTION BASE 1
Pi=1 '
PRINTER IS 0

INPUT “PLOT RESTDUALS VS N(i) OR INDEPENDENT VAR(2)",Pi
PLOTTER IS 43, "GRAPHICS"
GRAPHICS
LOCATE 40,400,20,80

IF Pi=41 THEN 10240
CALL Hi_lo(Iv(x),N,Imax,Imin)
SCALE Imin-2,Imax,-S,S
AXES 1,1,Imin,0
GOTO 10260
SCALE O,N,~-5,5
AXES 40,4,0,0
LINE TYPE 2
R$=VALS$(R(2,Pr))
M=R(1,Pr)

IF R(3,Pr)=2 THEN M=1i/M
Tv=}
D=2

IF R(3,Pr)=2 THEN Iv=2

IF R(3,Pr)=2 THEN D=1
Da=S(D,Pr)

Ia=8(Iv,Pr)
FOR T=1 TO N
Dp=Da+M¥(Iv(I)-Ia)
Dr=Dp-D(I)
Nr=Dr/R(2,Pr)

IF Nr)S THEN PRINT I,Nr

IF Pi=4 THEN 10440

DRAW Iv(I),Nr

GOTO 10450
DRAW I,Nr
NEXT 1
PRINTER IS 16
LINE TYPE 4
IF Pi=1 THEN 10610

Ra=Imax-Imin

MOVE ImintRa/8,-4
LAREL USING "K";"NORMALIZED RESIDUALS VS INDEP VAR"
MOVE Imin+Ra/8,-5
LAREL USING "K";Vi$;" AND ";V2¢;" DATA";"; RES=";R$;" MICROSEC"
MOVE Imin+Ra/8,~-6
LAKEL USING "K"; "TRACKLINE=";F$
MOVE Imin+Rn/8,4
LAREL USING "K";Imin
MOVE Imin+Ra/8,5
LAREL USING "K";"IND VAR MIN®
GOTO 410670
MOVE N/B,-4
LAREL USING "K*";"NORMALIZED RESIDUALS VS SAMPLE NUMBRER"
MOVE N/8,-%
LAREL USING "K*;Vis$;" AND "3;V2%;" DATA";"; REG=";R¢;" MICROSEC"
MOVE N/8,-6
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10660
10670
10680
10690
10700
10740
14720
10730
10740
10750
10760
10770
10780
10790
10800
10810
10820
10830
10840
108%0
10860
10870
i0880
108990
10900
109410
10920
10930
10940
10950
10960
10970
10980
10990
iioo00
11010
11020
11030
11050

LABEL USING "K";“"TRACKLINE=";F$
INTEGER K

IF Pi=1 THEN 10740

K=Imax~-Imin

GOTO 107590

K=N/40

IF (N>100) AND (Pi=4) THEN K=N/S0
Step=4

IF (P1=2) AND (K>10) THEN Step=2
FOR I={ TO K

Mx=Imin+l

IF Pi=1 THEN Mx=40XI

IF (N>100) AND (Pi=41) THEN Mx=S0%I
MOVE Mx,-4

IF Pi=1 THEN L=Mx

IF Pi=2 THEN L=I

LAREL USING “"K“;L

NEXT I

IF Pi=2 THEN 10930

FOR I=4 TO S

M=N

MOVE -M/16,1

LAREL USING "K";1I

MOVE -M/16,-1

LAREL USING "K";-I

NEXT 1

GOTO 10990

FOR I=%4 TO S

MOVE Imin-4,I

LAREL USING “K";1I

MOVE Imin-1,-1

LAEREL USING "K";-1

NEXT I

PAUSE

INPUT "HARD COPY? Y OR N",Hcs$
IF Hc$="Y" THEN DUMP GRAPHICS
EXIT GRAPHICS

SUBEND
)
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11060
11070
11080
11090
11100
114190
11420
11430
11149
11150
11160
11170
11180
11210

SUB Bear(Pi,P2,P3,P4,E)
! PROGRAM TO CALCULATE BEARING BETWEEN TWO POINTS

! (P1,P2) AND (P3,PA4).POSITIONS ARE INPUT IN DEGREES
! OF LAT/LON . N AND E ARE +; S AND W ARE -

DEFAULT ON

DEG

PS=COS(P3)

P6=P4-P2

P7=SINC(P3)KCOS(P1)~PSKSIN(P L )KCOS(PS)
B=ATN(PSXSINC(P&)/P7)

IF P7¢0 THEN B=E+i180

IF BCO THEN E=R+360

SUREND
!
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11220
11230
11240
11250
11260
11270
11280
11290
11300
113410
11320
11330
11340
11350
11360
11370
11400

SUB Range(P1,P2,P3,P4,R)
| PROGRAM TO CALCULATE RANGE IN KILOMETERS BETWEEN TWO

! POINTS (P1,P2) AND (P3,P4). POSITIONS ARE IN DEGREES
! (LAT,LON) . NORTH ANV EAST ARE +.

DEG

P6=SIN(P1)

P7=8SIN(P3)

P8=P6XP7+COS(P1)XCOS(PI)RCOS(PA~P2)

RAD '

P9=(1-PB4+2)*.%

PS=ATN(PS/P8B)
P10=(P6+P7)*2X(IXKPF-PS)/(1+P8)

Pii=(P6-P7)*2%(3%kPP+PS)/(4-P8)
DEG
R=6378.135KkP5+5,346125%(PL10~-P11)
SUREND

!
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11410 SUB Xy(Xp,Yp,R,B,X,Y)

11420 | PROGRAM CALCULATES XY COORDINATES OF POINT(Xp,Yp)
11430 | FROM RANGE AND BEARING FROM REFERENCE POINT(X,Y)
11440 DEG

11450 Xp=X+RXSIN(B)

11460 Yp=Y+RXCOS(B)

11470 SUBEND

11500 !
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11510 SUB G_mat(P(X),V,Range(X) ,Bear(X),Zp(x) ,A(X),G123(%),612(X),623(%x),C13(%))
11520 ! PROGRAM CALCULATES:

11530 ! ACK) ;GRADTIENT MATRIX(XY TO TD)

11540 ! G123(%) ;GRADIENT MATRIX (TD TO XY),3-TD CASE

11550 ! GL2(¢(X) ,G23(X) ,G13(X) ;GRADIENT MATRICES(TD TQ XY),2-TD CASES
11560 ! INPUTS ARE:

11570 ! P(Xx);POWER LEVEL OF XMITTERS (KILOWATTS)

11580 ! V;VELDOCITY OF PROPDGATION (MICROSEC/KILOMETER)

11590 ! Range (X) ;RANGES FROM POINT TO XMITTERS (KILOMETERS)

11600 ! Eear (X) ;AZIMUTH OF XMITTERS FROM POINT (DEGREES)

11640 ! Zp (%) ;XY POSITION OF POINT

11620 DEG

11630 OPTION RASE 4

11640 DIM R(3,3),W(3,3),B8(2,3),C(2,2),D(2,3)
11650 MAT R=(1)

11660 K=P(4)/Range(4)*2

11670 FOR I=4 TO 3

11680 ! CALCULATE A MATRIX

11690 A(I,1)=(SIN(Rear (4))-SIN(Rear(1)))/V
11700 ACI,2)=(COS(Kear (4))-COS(Ekear(I)))/V
11740 ! CALCULATE COVARIANCE MATRIX

11720 R(I,I)=1+K¥Range(I)*2/P (1)

11730 NEXT I

{ 11740 ! CALCULATE WEIGHTING MATRIX

4 11750 MAT W=INV(R)

! 11760 ' CALCULATE G123

: 11770 MAT LR=TRN(A)

; 11780 MAT D=EXu

L 11790 MAT C=DXA
i1 11800 MAT C=INV(C)
)

11810 MAT G123=CXD
1 11820 | CALCULATE G12,G23,G13
fr' 14830 FOR I=41 TO 2

11840 FOR J=1 TO 2

i 11850 K=I+4

. 11860 L=J+1

11870 M=1

, 11880 N=J i
| 11890 IF I=2 THEN M=3 !
11900 IF J=2 THEN N=3
11910 G12(I,1)=A(1,])
11920 623(I,J)=A(K,J)
11930 G13(I,J)=A(M,T)

| 11940 NEXT J .
- 11950 NEXT I
= 11960 MAT Gi2=INV(G12)

11970 MAT G23=INV(G23)
_ 119680 MAT G13=INV(G1L3)
! 11990 SUREND
b 12020 !

e —
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12030
12040
12050
12060
12070
12080
12090
12110
12130
12440
12150
12160
12170
12180
12590
121914

SUB Td(R(X),V,Ed(X),T(X))

' PROGRAM PREDICTS TDS FOR A PDINT. INPUTS ARE RANGES
| TO THE XMITTERS(R(X)),EMISSION DELAYS(Ed(X)),AND

| VELOCITY OF PROPOGATION

]

! CALCULATE SECONDARY PHASE FACTORS (8F)

FOR I=1 TO 4

S(I)=38.4488/R(1)~-.40758+.002166735XKR(1)

IF R(I)<160 THEN S(I)=.816768/R(1)~.014402+.0014%R(I)
NEXT 1

! CALCULATE TDS

FOR I=% 70 3

T(I=(R(I)-R(4))/V+5(1)-5(4)+Ed(I)

NEXT I

SUREND
LI
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12200
12210
12220
12230
12240
12250
12260
12270
12280
12300
12310
123114
12342
12343
12330
12340
12350
12360
12370
12380
12390
12400
12410
12420
12430
124490
12450
124610
12470
12480
12481
12482
12483
12490
12500
12510
12520
12921
12540
12550
12560
12570
12580
12590
12600
12610
12620
126214
12622
12623
12624
12628
12626
12627
12628

SUB WpfiledW(x) ,Fi1,Files)
{ PROGRAM TO STORE WAYPOINT INFO

OPTION BASE 1 H
PRINTER IS 0

IF Fi=1 THEN Opt

INPUT “WAYPOINT FILE NAME?",Files

Fi=4

INPUT "DOES THIS FILE CURRENTLY EXIST ON TAPE? Y OR N*,Crs
IF UPCS(Crs$141,1))="N" THEN CREATE File$,8

Cont: ASSIGN #4 TO Files

IF UPC3(Cr%l1i,4))="Y" THEN READ #1i;W(X)

Opt: INPUT "MODIFY/CREATE 4; LIST 2; SAVE 3; QUIT 4%,0pt
IF (Opt<1) OR (Opt>4) THEN Opt ‘

ON Opt GOTO Inpurt,List,File,End

Input: INPUT "WAYPOINT NUMEER?",Nuw

PRINT “WAYPOINT NUMEBER=";Nw

INPUT “INPUT OR CHANGF TDs? Y OR N*,Tds

IF UPC$(Td$Y<>"Y" THEN Xy

INPUT “TDW,TDX,TDY,TDZ 7",W(Nw,i) ,W(Nw,2),W(Nw,3),W(Nw,4)
FIXED 2

PRINT "TDW=";W(Nw,1),"TDX=";W(Nw,2),"TDY="3W(Nw,3),"TDZ=";W(Nw,4)
Xy :INPUT "INPUT OR CHANGE XY POSITION? Y OR N",P$

IF UPC$(P$)><{>"Y" THEN L1 '

FIXED 3

INPUT "XY PDSITION? E,N",W(Nw,S),W(Nw,b)

PRINT "X=";W(Nw,S),"Y=";W(Nw,b)

L1:INPUT "INPUT OR CHANGE LAT/LON? Y OR N",L1$

IF UPCSC(LISI<I"Y" THEN Next

FIXED 4

INPUT “ENTER LATITUDE; D,M,8",Deg,Min,Sec
W(Nw,7)=Deg+Min/60+5ec/2a0y

INPUT “ENTER LONGITUDE; D,M,S8",Deq,Min,Sec
W(Nw,B8)=—(Deg+Min/b60+Sec/3600)

PRINT "LAT=";W(Nw,7),"LON=";W(Nw,B)

Next: INPUT "ANOTHER WAYPOINT? Y OR N",AS$

IF A$="Y" THEN Input

GOTO Op+t

List: PRINT LINC(S);TAR(2%);"WAYPOINT FILE: “;Files$

FOR 1I=4 TO 2%

FIXED O

PRINT

PRINT "WAYPOINT=";1

FIXED 2 i
PRINT "TDW="3WCI, 1), "TDX=";W(T,2),"TDY=";W(I,3),"TDZ=";W(],4) ?
FIXED 3

PRINT "X="3;W(I,5),"Y=";uW(T,8)

FIXED O

Lat=W(I,7)

Deg=INT(Lat)

Mini=60%(Lat~Deg)

Min=INT(Mini)

Sec=60%(Mini~-Min)

PRINT "LAT:";Deg;CHR$(179);Min;"? "}

FIXED 2

PRINT Sec;"?? "y

e e ey P

A-83




- 12629 FIXED 0
P 12630 Lon=~W(1,8)
; 12631 Deg=INT(Lon)
F 12632 Mini=60%(Lon-Deg)
| 12633 MinsINT(Mint)
| 12634 Sec=60%k(Mini-Min)
12635 PRINT “LON:";Deg;CHR$(479) ;Min;"?*;
12674 FIXED 2
12637 PRINT Sec}*??™
12640 NEXT I
12641 PRINT LINCS)
12642 GOTO Opt
12650 File:ASSIGN #1 TO Files
12680 PRINT #1;W(X)
12690 End:SUBEND
12710
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| 12720 SUB Fehg(X(X),Zp(X),Tp(X),Tq(X),G(X),Zq(X),V,Nsta)

: 1 42730 ' THIS SUEROUTINE CALCULATES POSITION COORDINATES,Zq(2,1),

12740 ' USING THE FLAT EARTH HYPEREOLIC GRID (FEGH) ALGROTHIM.

. 12750 ! INPUTS ARE TRANSMITTER POSITIONS,X(2,3),WAYPOINT POSITION,

12760 ' Zp(2,1); WAYPOINT TDs, Tp(2,1); THE GRADIENT MATRIX, G¢(2,2) OR G(2,3);
42770 ' THE VELOCITY OF PROPOGATION, V; AND THE MEASURED TDs, Tq(2,4).
12780 OPTION BRASE 14
12790 DIM A(Nsto,i),B(Nstu,i),C(Nstu,i),D(Nsto,i),E(2,1),T(Nstn,i),Z(E,i),R(Nstu
+1,1)
12800 Initialize:!
12810 K=0 - {
12820 MAT Zq=Zp
12830 MAT E=Zp :
126840 MAT A=Zp i
12850 MAT C=Tq
12860 MAT D=Tp
12870 ! CALCULATE Zq(41)=Zp+G(Tq-Tp)
12880 MAT T=C-D
12890 MAT Zq=GXT
12900 MAT Zq=Zp+Zq
129140 ! CALULATE h(Zq(0))=h(Zp) i
12920 FOR I=4 TO Nsta+i I
12930 R(I,1)=SARC(Zp(4,4)-X(I,4))24(Zp(2,4)-X(1,2))42)
12940 NEXT 1

- 12950 FOR I=t TO Nsta

. 12960 D(I,1)=(R(J,1)-R(Nsta+i,1))/V

: 12970 NEXT I

; 12980 ! CALCULATE Zq{n)=2Zq(n-1)-Zq(n-2)+G(h{(Zq(n-2)-h(Zq(n-1)))
R 12990 Iterate:K=K+{4

81 13000 DISP K

] 13010 ! IF ITERATIONS EXCEED 20 THEN STOP
L_. 13020 IF K>20 THEN Error

}' 13030 MAT B=A ! Zq(n-2)=Zq(n-1)

» 13040 MAT A=Zq! Zq(n-1)=Zq(n)

13050 MAT C=D ! h(Zq(n-2))=h(Zg(n-1)) . |
13060 ! CALCULATE h(Zq(n-1)) .
13070 FOR I=1 TO Nsta+i ‘ﬂ

P 13080 R(I,1)=SAR((Zq(1,1)-X(I,1))*2+(Zq(2,1)-X(1,2))*2)

- 13090 NEXT 1 ‘

. 13100 FOR I=1 TD Nsta »

$3140 DC(I,1)=(R(I,1)-R(Nsta+i,1))/V

;o 13120 NEXT I

a 13130 MAT 2q=Zq%(2)

13140 MAT Zq=2q-B -

13150 MAT T=C-D

13160 MAT Z=GXT

: 13170 MAY 2q=2q+Z

! 13180 ! CALCULATE ABS(Zq(n)-Zq(n-1))

13190 MAT ExA-2q

13200 Diff=F(1,1)42+E(2,1)°2

1 13240 ' IF DIFFERENCE >3 METER, THEN ITERATE

n 13220 IF SAR(Diff)>.0010 THEN Iterate

o 13230 DISP K

) 13240 GOTO End

g 13250 Error:DISP *20 ITERATIONS WITHOUT CLOSURE t!ive
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13260 PAUSE
; 13270 End:i:SUBEND
13290 ¢
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13300 SUB Xplot(T,Ax(X),Ay(%),Minx,Maxx,Miny,Maxy,N,No,F$,Chs,Ls$,P1)
13340 DIM L4$[8B0),L4$1(801,L2¢[80]),L3%(80]

13320 FIXED 3

13330 Zoom$=""

13334 Plotter=14

13340 IF No=2 THEN 13430

13344 INPUT “PLOT DATA ON CRT4 OR 9872A27 4 OR 2",Plotter

1372 PLOTTER IS 4,5,"9872A"

13350 IF Plotter=1 THEN PLOTTER IS 13,"GRAPHICS"

13351 IF P1<>% THEN 13370

13352 INPUT "CHART SCALE 4:10,000%1, 1:20,0002, 41:40,0004, OR 41:80,0008?
1,2,4,0R8",5cale

13353 IF (Scale()1) AND (Scale)>2) AND (Scale{>4) AND (Scale()>8) THEN 13352
13354 Mult=100/Scale

13356 Xo=MinxXMult

13357 Yo=MinyXMult

13358 X=MaxxXMult

13359 Y=Maxy¥Mult

13360 ! GRAPHICS

13364 1IF P1=% THEN MSCALE X,Y

13370 IF P1(>S THEN LOCATE 0,100,20,4100

13371 CGRAPHICS

13380 IF P1<(>S THEN FRAME

13390 IF (PLl()S) AND (Zoom${()>"Y") THEN SHOW Minx~-.i,Maxx+.i,Miny~-.1,Maxy+.4
13400 IF (P1<>%) AND (Zoom$="Y") THEN SHOW Minx, ﬂuxx MLny,Muxy
13410 IF P1l(>S THEN AXES .i,.4i,Minx,Miny,10,40

13444 IF P1=%5 THEN AXES ,4i%Mult,, i%Muvlt,0,0,10,40

13420 ' GRID 2,2,Minx,Miny,1,1

13430 LINE TYPE T

13440 IF P1(>S THEN MOVE Ax(1),Ay(1)

134441 IF P1=% THEN MOVE Ax{(1)XMult-Xo,Ay(i)%XxMult-Yo

13450 FOR I=41 TO N

13460 IF P1{(>% THEN DRAW Ax(1),Ay(1)

13464 IF P1=S THEN DRAW Ax(I)XMult-Xo,Ay(I)XMult-Yo

13470 NEXT 1

13471 IF (P1=5) AND (Plotter=1) THEN PAUSE

13472 IF (P1=%) AND (Plotter=1) THEN 14080

13473 IF (P1l=%5) AND (Plotter=2) THEN 14100

13480 PRINTER IS 0

13490 P=0

13500 IF (P1=3) AND (No=41) THEN SUREXIT

13540 IF (P1=3) AND (No=2) THEN Label

13520 PAUSE

13530 INPUT "ZOOM?,Y OR N",Zooms$

13540 IF Zoom$<>"Y" THEN 13580

13550 DIGITIZE Minx,Miny

13560 DIGITIZE Maxx,Maxy

13570 GOTO 13350

13580 INPUT "FIND SAMPLE NUMERER AND VALUE OF PLOTTED DATA POINT? Y OR N",Cuts

13590 IF Quts{d"Y" THEN 413690

13600 DIGITIZE X,Y

13610 Tol=,§

13620 IF ARS(Maxx-Minx){(=1 THEN Tol=,010

13630 FOR I=4 TO N

13640 IF (ABS(AX(I)-X){(Tol) AND (ABS(AY(I)-Y){Tol) THEN P=%
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13650
13660
13670
13680
13620
13700
13740
13720
13730
13740
13750
13760
13770
13780
13790
13800
13810
13820
13830
13840
13850
13860
13870
13880
13890
13900
13910
13920
139230
139490
13950
13960
13970
13980
13990
14000
140410
14020
14030
14040
14050
14060
14070
14080
14090
14100
14110
14130

IF P THEN PRINT I,Ax(I),Ay(I)
P=0

NEXT I

GOTO 13580

INPUT “"DIGITIZE?",D$

IF D$<)>"Y" THEN Label
INPUT “HOW MANY?(=40",P

IF P>10 THEN P=40

GRAPHICS

FOR I=1 TO P

DIGITIZE Xx(I),Yy(I)

LORG S

MOVE Xx(I),Yy(I)

LABEL USING "K©j;“+"

MOVE Xx¢I),Yy(I)

LORG 2

ILAEEL USING "3D";I

NEXT 1

FOR I=1 TO P

PRINT I,Xx(I),Yy(I)

NEXT I

Label:IF (P1=3) AND (No=1) THEN SUBEXIT
LOCATE 0,100,0,45

SCALE 0,100,0,25

L1$="AXES: X="8UVAL$(Minx)&" Y="AVAL$(Miny)
L2$="UNITS: & KM/DIV"

L3$="FILE="AF$

IF Pl=1 THEN Mini

IF P1=3 THEN Mini_lc

L4$="LORAN-C DATA:"&" CHAIN="ACh$&", LOPs="AL$
COTO 13990

Mini:L4$="MINI-RANGER DATA"

GOTO 13990

Mini_lc: L4$="MINI-RANGER (SOLID LINE) AND LORAN-C (DASHED LINE)"
MDVE 10,20

LAREL Li$

MOVE. 10,15

LAEREL L2$

MOVE 10,10

LAREL L3$

MOVE 10,5

LAREL L4$

PAUSE

Hrd_cop:INPUT "HARD COPY OF GRAPHICS?",Hs$
IF H$="Y" THEN DUMP GRAPHICS

EXIT GRAPHICS

SUREND

[}
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14140
14150
14160
14170
14180
14190
14200
14240
14220
14230
14240
14250
14260
14270
14280
14290
14300
143190
14320
14330
14340
14350
14360
14370
14380
14400

SUB Ct_at(X(X),Y(X),Ct(x),At(X),Wxs,Wyl,Wx2,Wy2,N,R,A)
DEFAULT ON

OPTION BASE {

DEG

MAT Ct=(0)

MAT At=(0)

! CALCULATE COURSE ANGLE FROM Wi TO W2
Dy=Wy2~Wyi

Dx=Wx2-Wx4i

R=SQR(Dx *2+Dy*2)

A=ATN(Dx/Dy)

IF Dy<0 THEN A=A+4180

IF ACO0 THEN A=A+360

! CALCULATE ALONG TRACK AND CROSS TRACK DISTANCE
FOR I=1 TO N

X=X(I)-Wx4

Y=Y(I)-Wyd

At(I)=XXSINCA)+YXKCOS(A)

Ct(I)=-XXCOS(AI+YXSIN(A)

NEXT 1

t FILTER Ct
FOR I=2 TO N
Ct(I)=Ct(I-1>%k.7+Ct(I)%.3
NEXT 1

SUBREND

1
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| 14410 SUB Patrct(At(X),Ct(X),N,Mina,Maxa,Minc,Maxc,Wt,Wf,F$,R,No,Data)
5 14420 DIM L1$180),1.2¢1801,L.331801,L4%{801]
' 14430 IF No=2 THEN 14540
14440 PLOTTER 18 43,“GRAPHICS"
14450 GRAPHICS
14460 LOCATE 10,100,20,400
14470 Mina=MIN(0,Mina)
14480 Maxn=MAX(R,Maxa) .
14490 ' CALL Hi_lo(Ct(%),N,Bc,lc)
14500 Rc=MAX(Maxc,.22)
| 14510 Lc=MIN(Minc,-.22)
14520 SCALE Mina,Maxa,l.c,Bc
14530 AXES .41,.0414,0,0,10,410
14540 MOVE At(41),Ct(4)
| S 14550 LINE TYPE 4
14560 TF (Data=3) AND (No=2) THEN LINE TYPE 2
14570 FOR I=41 TO N
14580 DRAW At(I),Ct(I)
14590 NEXT 1
14600 MOVE R,0
14640 LORG S
14620 LAKEL USING “"K";"I*
14630 LINE TYPE 14 :
14640 IF (Data=3) AND (No=1i) THEN SUREXIT
14650 Label:!
14660 Y_oxis:!
14670 Y=.2
14680 IF Maxa)>S THEN Y=,S
14690 MOVE Y, .1
14700 LAREL USING "K";400
14710 MOVE Y, .2
14720 LAREL USING "K";200
14730 MOVE Y,~.14
14740 LAREL USING "K";-100
14750 MOVE Y,-.2
14760 LABEL USING "K";-200
14770 MOVE Y,~,21S
14780 LAREL USING "K";"METERS"
14790 X_axis:!
j 14800 INTEGER K
. 14810 K=Maxa
* | 14820 FOR I=1 TO K
i 4830 MOVE I,~,04%
14840 LABEL USING "K';1
; 14850 NEXT I
; 14860 MOVE K-1,-,035
| 14870 LAREL USING "K";"KILOMETERS"
‘ 14880 LOCATE 410,400,0,20
14890 SCALE 0,100,0,2S
14900 FIXED ©
14910 Lit="ALONG TRACK VS CROSS TRACK "
14920 L2%="WAYPOINT "AVALS(WF)I&" TO "A"WAYPOINT "AVALS$(Wt)
14930 L3$="FILE="4F$
. 14940 1IF Data=1 THEN L4$="MINIRANGER DATA"
’ 14950 IF Data=2 THEN LA$="LORAN-C DATA"
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14960 IF Data=3 THEN LA4$="LORAN-C DATA(DOTTED LINE) AND MINIRANGER DATA(SOLID ng
NE)* |
14970 MOVE 0,22

14980 LABEL “"WP"&VALS(Wt)

14990 MOVE 100,22

15000 LAREL "WP"&VALS(WF)

15010 MOVE 55,20 ‘,
15020 LAKEL Li$ . .
15030 MOVE 55,45 -
15040 LABEL L2%

15050 MOVE 55,10

15060 LAREL L3$

15070 MOVE 55,5

15080 LABEL LA4$

15090 PAUSE

15400 INPUT “HARD COPY? Y OR N",Hcs$

15110 IF Hc$="Y" THEN DUMP GRAPHICS

15420 EXIT GRAPHICS

15130 SUREND

15450 !

e
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15470
15480
15490
15200
15210
15220
15230
15240
15250
152460
‘ 15270
15280
15290
15300
15340
15320
15330
15340
15350
15360
15370
15380
15390
15400
15440
15420
15430
15440
15450
15460
15540
15560

OPTION BASE 1§

DIM We(400),Xe(400),Ye(400),Ze(400),Tes(400),R1e(400),R2e(400)

PRINTER IS O
Sample: INPUT
J=0

FOR I=4 TO N
Sampl:IF I=D
J=J+4

DISP I,J
WedJ)=W(I)
Xe(J)=X(I)
Ye(J)=Y(I)
2e(J)=2(1)
Rie(J)=R1(1)
R2e(J)=R2(I)
Te$(I)=T$(1)
Next: NEXT I
N=J

MAT W=UWe

MAT X=Xe

MAT Y=Ye

MAT Z=Ze

MAT Ri=Rie
MAT R2=RQ2e
FOR I=4 TO N
T$(I)=Tes(I)
NEXT I

PRINT “SAMPLE";D;"DELETED,";N;"SAMPLES REMAIN"
INPUT “ANOTHER SAMPLE TO DELETE?",AS$

IF At=%"Y" THE
End: SUREND
1

SUB Delete(W(X) ,X(X),Y(X),Z(X),R1(X),R2(X),T$(Xx),N,F$)

"SAMPLE TO BE DELETED?START WITH HIGHEST NUMBER *,D

THEN Nex@

N Sample
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15570
15580
15590
15600
15610
15620
15630
15640
15650
15660
15670
15680
15690
15700
15710
15720
15730
15740
15750
15760
15770
15780
15790
15800
15840
15820
15830
15840
15850
15860
15870
15880
15890
15910

SUB Read(W(X) ,X(X),Y(X),Z(X) ,RL(K) ,R2(X),Tines (k) ,Sanple,F$)
OPTION BASE 1 o
DIM AC100),B(100),C(100),D(100),T$(100),EC100),F(100)
MASS STORAGE IS ":T44“ _
Sample=0 ) ZERD SAMPLE NUMBER AND DATA ARRAYS
MAT W=(0)
MAT X=(0)
MAT Y=(0)
MAT Z=(0)
MAT R1=(0)
MAT R2=¢0)
FOR I=1 TO 400
Times(I)=""
NEXT I
INPUT * FILE NAME? ",F$ ! INPUT FILE NAME
ASSIGN #1 TO F$
READ #1;Set,Sample | READ NUMBER OF DATA SETS AND SAMPLES
FOR J=0 TO 3 I READ DATA SET BY SET AND LOAD INTO
ON END #i GOTO 15770 ! DATA ARRAYS
READ #1;ACX),B(K),C(X),D(X),E(K),F(X),TS(X)
FOR I=1 TO 100
WCI+IX100)=ACT)
X(I+I%100)=E(I)
Y(I+I%400)=C(I)
ZCI+I%100)=D(1)
RECI+IN100)=E(T)
R2(I+IX100)=F(I)
Time$(I+IX100)=T$(1)
IF I+J%100=Snmple THEN SUREXIT
NEXT 1
IF J+i=Set THEN SUREXIT
NEXT J

SUBEND
!
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19920 SUB Link(U(#),X(*),Y(*),Z(*),Ri(*),RE(*),Tinet(t),Count,Lt)
15930 OPTION BASE 4§

15940 DIM AC100) ,R(100),C(100),D(100),T$¢400),E(100),F(100)
15950 MASS STORAGE IS ":Ti4"

15960 Count=0

15970 Read=1%

15980 INPUT “DATA FILE TYPE? TDARANGE4L OR TD ONLY2",Read
15990 IF (Read<{>1) AND (Read({()>2) THEN 15980
16000 INPUT * FIRST FILE NAME? " ,F$

16010 L$=""

16020 Assign:ASSIGN #1 TO F$

16030 READ #41;Set,N

16040 FOR J=0 TO 3

16050 ON END #1 GOTO 16100

16060 ON Read GOTO Std,Alt

16070 Std:READ #41;ACK),B(X),C(X) ,D(X) ,E(X) ,F(X),T$(X)
16080 GOTO 16100

16090 ALt:READ #4;A(K) ,B(X),C(X),D(X),T$(X)
16500 FOR I=4 TO 400

16110 Kount=Count+I+J%100

16420 DISP Kount

16130 W(Kount)=A(I)

16140 X(Kount)=R(I)

16150 Y(Kount)=C(I)

16160 Z(Kount)=D(I)

16170 Ri(Kount)=E(I)

16180 R2(Kount)=F(I)

16190 Timeds(Kount)=T%(1)

16200 IF J+JIX%400=N THEN Status=1

16210 IF Status=i THEN Jump

16220 IF Kount=400 THEN Jump

16230 NEXT 1

16240 IF Set=J+4 THEN Jump

16250 NEXT J

16260 Jump: !

16270 PRINTER 1S 16

16280 PRINT PAGE;LINC20); "CURRENT FILE=";F$
16290 INPUT "CORRECT TD DATA? Y OR N",CS$

16300 IF C$<{>"Y" THEN 16460

16310 PRINT "START TIME=";Times$(Count+1);TAR(30);"STOP TIME=";Times$(Kount)
16320 INPUT " CORRECTION TO TDW(MICROSEC)?",uWc
16330 INPUT " CORRECTION TO TDX(MICROSEC)?",Xc
16340 INPUT " CORRECTION TO TDY(MICROSEC)?",Yc
16350 INPUT * CORRECTION TO TDZ(MICROSEC)?”,Zc
16360 FOR I=Count+4 TO Kount

16370 W(I)=W{(I)+Wc

16380 X(I)=X(I)+Xc

16390 Y(I)=Y(I)+Yc

16400 Z(I1)=2(I)+2Z¢

164410 NEXT 1

16420 F$=FsA"t"*

16430 PRINTER IS O

16440 PRINT "“FILE=";F$

16450 PRINT "TD CORRECTIONS:";TAB(EO);"Ucor=“;wc;TAB(35);"Xcore“;Xc;TAB(SO);"YJ

r=";Yc; TAB(6%) ; "Zcor=";2c
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16460 Count=Kount

16470 PRINTER 1S 16

16480 Status=0

16490 Commas$=CHR$(44)

16500 IF LEN(L$)(1 THEN Commas=*"
16540 L$=L $ACommatssFe

16520 PRINT PAGE;LIN(20)

16530 PRINT “FILES LINKED=";L$
16540 PRINT “"TOTAL SAMPLES=";Count
16550 IF Count=400 THEN 166410

16560 INPUT * ANOTHER FILE? “,AS
16570 IF A$=“N" THEN End

16580 INPUT * FILE NAME? ",F$
16590 ! Le$=L$&CHRS$(44)AF%

16600 GOTO Assign

16610 End:PRINT "FILES LINKED=";L%
16620 PRINT “TOTAL SAMPLES=";Count
16630 PRINT

16640 INPUT * STORE DATA SET? ",S5%
16650 IF S$="Y* THEN Store

16660 SUBEXIT

16670 Store:CALL Store(W(X) ,XOK) ,Y(XK),Z{(X),RL(X),R2(X),Time$(X) ,Count,F$s)
16680 SUREND '
16681 !

3
i
h
t
‘
i
¥
H
4
%




16690
16700
16710
16720
16730
16740
16750
16760
16770
16780
167%0
16800
16810
16820
16830
16840
168S0
16860
16870
16880
16890
16900
16910
16920
16930
16940
16950
16960
16970
16980
16990
17000
17010
17020
17030
17040
17050
17060
17070
17080
17090
17100
17140
17120
17430
17140
17150
17160
17170
17180
17190
17200
17210
17220
17240
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SUB Stat_mat(W(X),X(X),Y(X),Z(X),8(X),Co(%),0(%),N)
OPTION BASE 1

DEFAULT ON

DIM ACA00),B(A00),C(400),DC400),V(4)
| OFF-SET

0C1)=W(4)

0(2)=X(41)

0¢3)=Y(4)

0(4)=2(4)

! SUBRTRACT OFF-SET

FOR I=1 TO N

ACT)=W(I)-0(4)

BCI)=X(I)-N(2)

C(I=Y(1)-0(3)

D(IN=Z(1)>-0(4)

NEXT 1

! SUMS

S(4,1)=BUM(A)

S(1,2)=5UM(E)

S(1,3)=5UM(C)

S(1,4)=SUM(D)

' SUMS OF SAUARES
§(2,1)=DOT(A,A)

§(2,2)=DOT(B,B)

§(2,3)=D0OT(C,C)

§¢(2,4)=DOT(D,D)

| MEAN AND STAN DEV

FOR I=1 TO 4

S(3,1)=8(1,I)/N
V(I)=8(2,1)/N-5(3,1)+2
S(4,1)=SQR(V(I))

NEXT I

! SUM OF CROSS PRODUCTS
Co(1,1)=DOT(A,B)
Co(1,2)=DOT(A,C)
Co(4,3)=DOT(A,D)
Co(4,4)=DOT(R,C)
Co(4,5)=DOT(E,D)
Co(1,6)=DOT(C,D)

! COVARIANCE
Co(2,1)=Co(4,1)/N-5(3,1)%8(3,2)
Co(2,2)=Co(1,2)/N-6(3,1)%5(3,3)
Co(2,3)=Co(4,3)/N-5(3,1)%5(3,4)
Co(2,4)=Co(1,4»/N-5(3,2)%5(3,3)
Co(2,5)=Co(4,5)/N-6(3,2)%8(3,4)
Co(2,6)=Co(1,6) /N-6(3,3)%8(3,4)
! CORRELATION COEFFICIENT
Co(3,1)=Co(2,1)/(5(4,1)%8(4,2))
Co(3,2)=Co(2,2)/(5(4,1)%8(4,3))
Co(3,3)=C0(2,3)/(5(4,1)%5(4,4))
Co(3,4)=Co(2,4)/(5(4,2)%5(4,3))
Co(3,5)=C0(2,5)/(5(4,2)%5(4,4))
Co(3,6)=Co(2,6)/(S(4,3)%5(4,4))

SUBEND
!




SUB StoredW{X) ,X{(X),Y(X),Z(X) ,Ri(X) ,R2(X),Us(X),N,F®)
OPTION BASE 1§

DIM A(100) ,R(400),C<400),D(100),T$(400),EC100),F(100)
IF N¢(=100 THEN Set=i :

IF (NX100) AND (N(=200) THEN Set=2
IF (N>200) AND (N(=300) THEN Set=u3
IF (NYX300) AND (N<(=400) THEN Set=4
INPUT * FILE NAME? “,Fs

PRINT “FILE=";F$,"SETS=";8et,"N=";N
CREATE F$%,Set,7000

ASSIGN %1 TO F¢

PRINT #1;Set

PRINT #4;N

J=0

L.oad:!

FOR I=4 TO 100

IF I+J%100>N THEN Zero
ACI)=W(I+TX100)

B(I)=X(I+T%400)

CCYI)=Y(I+T%100)

D(IN=Z(I1+J%4100)

E(I>=R4(I+J%100)

F(I)=R2(I+JX100)

T$(I)=Us(I+T%100)

GOTO Next

Zero:!

ACI)=0

E(I)=0

C(1)=0

DC(IX)=0

E(I)=0

F(I)=0

Te(I)=""

Next:NEXT 1

! ON END #4 GOTO 16770

! PAUSE

PRINT #4;ACK),B(X),C(X),D(X),E(X) ,F(X),T$(X)
IF J+i=Set THEN SUEREXIT

J=J+4

GOTI Load

SUBEND
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17680
17690
17700
17740
17720
17730
17740
17750
17760
17770
17780
17790
17800
17810
17820
17830
17840
17850
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17970
17980
179940
18070
18090
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SUB Delete_blok(W(X),X(X),Y(X),Z(X) ,R1(%),R2(X),T$(X),N,F$)
OPTION RASE 1
DIM We(400),Xe(400),Ye(400),Ze(400),Te$(400),R1e(400),R2¢(400)
PRINTER IS 0
Sample:INPUT "FIRST SAMPLE IN BLOCK TO BE DELETED",Ni
INPUT “LAST SAMPLE 1N BLOCK TO BE DELETED",N2
J=0
FOR I=4 TO N )
Sampl:IF (I)=N4) AND (I(=N2) THEN Next
J=J+4
ISP I1,J
We (T)Y=W(I)
Xe(J)=X(I)
Ye(J)=Y(I)
Ze(J)=Z(I)
Rie(J)=R1i(I)
R2e(J)=R2(I)
Te$(J)=T$(1)
Next: NEXT I
N=J
MAT W=We
MAT X=Xe
MAT Y=Ye
MAT Z=Ze
MAT Ri=Rie
MAT R2=R2e
FOR I=1 TO N
T$(I)=Tes (1)
NEXT 1
PRINT "SAMPLES";Ni;"THRU";N2;"DELETED, " ;N;"SAMPLES REMAIN"
INPUT "ANOTHER BLOCK TO DELETE?",A$
IF A%$="Y" THEN Sample

End : SUREND
!




18400 SUB Delete_td(W(XK) ,X(X),Y(X),Z(X),R1(X),R2(X),T6(X),N,F$)
18410 OPTION BASE 1
18520 DIM We(400),Xe(400),Ye(400),Ze(400),Tes(400),R1e(400),R2e(400)
18124 Secs="WXYZ"
18130 PRINTER IS O
18140 Sample:Ni=N
18150 INPUT “CLIP LIMITS FOR WHICH SECONDARY? Wi ,X2, Y3, Z4",Sec
18154 IF (Sec{4) OR (Sec)4) THEN Sample
. 48452 PRINT RPT$("_",80) '
" 48453 PRINT "SETTING CLIP LIMITS FOR *;Secs(Sec;i]
. 18454 INPUT "CLIP LIMITS?, MIN,MAX",Li,U&
18455 PRINT "UPPER=";Ui;" LOWER=";L%i
18180 J=0
18490 FOR I=4¢ TO N
18200 Sampl:ON Sec GOTO Tw,Tx,Ty,Tz I
18204 Tw:IF (W(IXKLL) OR (WC(IXXUL) THEN Next ‘
18202 COTD Keep
18203 Tx:IF (X(IX<LL) OR (X(I)>UL) THEN Next :
18204 GOTD Keep ;
18208 Ty:IF (Y(IXCLL) OR (Y(I)>Ui) THEN Next '
18206 GOTD Keep ¥
18207 Tz:IF (Z(IX{L4) OR (Z(I>>U1) THEN Next '
18230 Keep:J=J+1 ‘
18240 DISP 1,J
18250 We(J)=W(I)
42260 Xe(J)=X(1)
18270 Ye(J)=Y(I)
18280 Ze(J)=Z(1)
1B290 Rie(J)=R1i(I)
18300 R2e(J)=R2(I)
18340 Tes(I)=T$(I)
18320 Next: NEXT I
18330 N=J
18340 MAT W=We
18350 MAT X=Xe
18360 MAT Y=Ye
18370 MAY Z=Ze
18380 MAT Ri=Rie
18390 MAT R2=R2e
18400 FOR I=%2 TO N
18440 T$(I)=Te$(I)
18420 NEXT I
18430 PRINT Ni-N;“"SAMPLES DELETED,";N;"SAMPLES REMAIN"
18434 INPUT “SET ADDLTIONAL CLIP LIMITS?",Q$
18432 IF UPCS$(Q$(4,11)="Y" THEN Sample
18510 End:SUBEND
18544 !




: 18520 SUB Track(Stat(%),0_set(X),Cov(X),R(X),Sanple,Fs,Wt,Wf,Angle,N) ;
! 18%30 DEG H
| 18540 DPTION BASE 1

' 18550 DEFAULT ON

18560 FIXED 2

418570 PRINT “LORAN-C POSITION ANALYSIS: ";iFs

18574 Angle=Angle-180

18572 IF Angle0 THEN Angle=Angle+360 :

18580 PRINT TAB(S);"FROM WP";Wf;" TO WP";Wt;",TRACK= ";Angle;" DEGREES"
18590 PRINT “REFERENCE WAYPOINT=";Wt

18600 Slope=R(1,4) . :
18640 IF R(3,1)=2 THEN Slope=1/Slope |
. 18620 A=ATN(4/Slope) :

18630 IF Slope<0 THEN A=A+180
18640 IF ACO THEN A=A+360

18650 PRINT TAB(5);"RMS TRACKLINE=";A;" DEGREES" ]
18660 PRINT TAB(S);"AVE CROSS TRACK DISTANCE=";(0_set(3)+Stat(3,3))%1000;% M
ERG™ 1

18670 PRINT TAE(S);"STD DEV CROSS TRACK DISTANCE=";Stat(4,3)X1000;" METERS"
18680 FIXED 3

18690 PRINT TAB(S);"AVE X POS=";0_set(1)+Stat(3,1);"KM";TAR(40);"Y POS=";0_set(
Y+5tat(3,2) ; "KM" it
2 18700 PRINT TAB(S);"STANDARD DEV X=";Stat(4,1)%X1000;" METERS";TAB(40);"Y=";Stat
, 4,2)%1000; "METERS"

18710 SUEEND
18730 ! ]

;
%
!
4
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18870

SUR Pseudo(Glat,Glon,R(Xx),Plat,Plon)
OPTION BASE 1{

RAD

DIM X(3),T(3)
T¢(4)=CO0S(Glat)XCOS(Glon)
T(2)=COS(Glat)XSIN(Glon)
T(3)=SIN(Glat)

MAT X=RXT
H=SAR(X(1)*2+X(2)*2)
Plat=ATN(X(3)/H)
Plon=ATN(X(2)/X(41))
SUREND

[}

&




18880 DEF FNRange(Xi,Yi,X2,Y2)
18890 RETURN SQR((X2-X1)*2+(Y2-Y1)*2)
18900 FNEND

is920 !
1
i
3
3 "
;
‘ ;
A ?
i |
i ;
Y ‘
!
H
§
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i
‘.
!

=
Pt —E———




SUB Rotate(Glat,Glon,R(X))
RAD

OPTION BASE 1
R(1,1)=C08(Glat)%XCOS(Glon)
R(2,1)=-8SIN(Glon)
R(3,1)=-5IN(Glat)XCOS(Glon)
R(1,2)=C0S(Glat)XSIN(Glon)
R(2,2)=CO0S(Glon)
R(3,2)=~SIN(Glat)XSIN(Glon)
R(1,3)=8IN(Glat)

R(2,3)=0

R(3,3)>=C0S(GClat)

SUBEND

!




19080 SUB Cart(Plat,Plon,X,Y)

19090 OPTION BASE {

19100 RAD ]
19440 R=6378.13% ,
19120 Cos=COS(Plat)XCOS(Plon) {
19430 Sin=SQR(1-Cos*2) ]
19440 Theta=ATN(Sin/Cos)

19450 S=RXTheta

19160 Sin=SIN(Plat)/SIN(Theta)

191470 Cos=SIN(Plon)%XCOS(Plat)/SIN(Theta)

19180 X=5%Cos

19490 Y=SXSin

19200 SUBEND

19220 !




19230 DEF FNGlat(Lat,F)
19240 RAD
19250 RETURN ATN((1-F)*2kTAN(Lat))
19260 FNEND
19280 !




19290
19300
193140
19320
19330
19340
19350
19360
19370
19380
' 19390
19400
19410
19420
19430
19440
19450
19460
19470
19480
19490
19500
19504

i
j
1

~ . IR - e e e e
- e ———————— e

SUB Curt_coord(X(X),Lat,Lon,Z(Xx))!
OPTION BRASE 1§

! CALCULATE XY COORDINATES OF TRANSMITTERS(Z(%)) WITH RESPECT
TO LOCAL GRID ORIGION(Lat,Lon)

INPUT: TRANSMITTER GEODETIC POSITIONS;X(X)

LAT AND LON OF LOCAL GRID DRIGION; Lat,Lon

QUTPUT: TRANSMITTER XY POSITIONS; Z(xXx)

! SEE APL TECH NOTE SDU S665 "EQUATIONS FOR COMPUTING.....",APRS0
DIM G(4,2),P(4,2),Rotate(3,3)

=,00335278
Rlat=LatkP1/480
Rlat=FNGlat(Rlat,F)
Rlon=LonXPI/4180
CALL Rotate(Rlat,Rlon,Rotate(X))
FOR I=1 TO 4
G(I,1)=X(I,1)%P1/180
G(I,1)=FNGlat(G(1,1),F)
G(I,2)=X(I,2)%PI/180
CALL Psevdo(G(I,1),6(T,2),Rotate(Xx),P(1,41),P(I,2))
CALL Cart(P(I,1),P(I,2),2(1,1),Z(1,2))
NEXT 1
SUREND

|

bl —— - ~ ey i b " 3 TS T e g A AT R




19510 DEF FNGlat(Rlat,F)

19520 RAD

19530 RETURN ATN((1-F)*2XTAN(R1lat))
19540 FNEND

19560 !
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19570 SUB Wp3(W(X),C,W,T(X),Z(x),L$)
19580 OPTION BASE {4 .
19590 | SELECT THE 3 TDs TO BE USED AS THE WAYPOINT(T(X)) FOR THE *
19600 ! 3-TD FEHG SOLUTION BASED ON THE CHAIN CONFIGURATION(C)
19640 | INPUTS:
19620 ! W(X); WAYPOINT TABLE
19630 ! C; CHAIN CONFIGURATION, 1=XYZ, 2=WXY, 3=WXZ, 4=WYZ
19640 ! W; WAYPOINT NUMBER
\ 19650 ! OUTPUTS: :

19660 ! T(X); WAYPOINT TDs
19670 ! Z(X); WAYPDINT XY POSITION
19680 ! L$; LABEL .
19690 Z¢4,4)=0(W,5) : ;
19700 242,4)=W(M,6)
19740 ON C GOTOD Xyz,Wxy,Wxz,Wyz
19720 Xyz:! ﬁ
19730 T(1,1)=W(W,2) i
19740 T(2,1)=W(W,3) :
19750 T(3,1)=W(W,4)
19760 Le="XYZ"
19770 SUBEXIT
19780 Wxy: '
19790 T(1,1)=W(W,1)
19800 L T(2,1)=u(W,2)

; 19810 T(3,1)=W(M,3)

{ 19820 Le$="WXY"

; 19830 SUBEXIT

3 19840 Wxz:!

1 19850 T(4,1)=W(W,1)

I 19860 T(2,1)=W(W,2)

{ 19870 T(3,1)=W(W,4)

Ny 19880 L$="WXZ"

y 19890 SUREXIT

, 19900 Wyz: {

' 19910 T(4,1)=W(M, 1)

, 19920 T(2,1)=W(W,3) ' 1
3 19930 T(3,1)=W(W,4) 3
. 19940 Le$="WYz"

: 19950 SUHKEND
19970 ! |
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19980
19990
20000
20040
20020
20030
20040
20050
20060
20070
20080
20090
20i00
20140
20420
20430
20140
20450
20160
20470
20480
20190
3 20200

, 20210
20220
i 20230
20240
- 20250
i 20260
! 20270
i 20280
20300

SUB Td3(W(X),X(X),Y(X%),Z(x),I,C,T(X))
OPTION BASE 1
! SELECTS THE PROPER TD SAMPLES FOR CALCULATING XY POSITION
t BASED ON CHAIN CONFIGURATION AND 3-TD FEHG SOLUTION
t INPUTS:
WiK) ,X(X),Y(X),Z(X); TD DATA ARRAYS
I; SAMPLE NUMBER
C; CHAIN CONFIGURATION 4=XYZ, 2=WXY, 3=WXZ, 4=WYZ
OQUTPUT: )
! T(Xx); TD SAMPLE
ON C GOTO Xyz,Wxy,Wxz,Wyz
Xyz:!
T(4,58)=X(1)
T(2,1)=Y(I)
T(3,4)=Z(1)
SUBEXIT
Wxy: 1
T4,0)=W(I)
T¢2,41>=X(1)
T(3,1)=Y(I)
SUBEXIT
Wyz: !
T(4,80)=W(I)
T¢(2,1)=Y(1)
T(3,4)=Z(1)
SUBEXIT
Wxz: !
T, 0)=W(I)
T(2,1)=X(I)
T(3,4)=Z(1)

SUKEND
!

!
!
!
!
!
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20330

FEHG
20340
20350
20360
20370
20380
20390
20400
20410
20420
20430
20440
20450
20460
20470
20480
20490
20500
20510
20520
20530
20540
20550
20560
20570
20580
20590
20600
20610
20620
20630
20640
20650
20660
20670
20680
20690
20700
20710
20720
20730
20740
20750
20760
20770
20780
20790
20800
20810
20820
20830
20840

SuUB Upz(U(t),C,U,T(t),P,Z(t),012(1),853(3),613(*),6(3),L$,Zx($),th(t))
OPTION BASE 1§

! SELECT WAYPOINT TDs,POSITION,TRANSMITTER POSITIONS AND G-MATRIX FOR 2-TD
SOLUTION

! FEHG SOLUTION BASED ON CHAIN CONFIGURATION AND DESIRED TD PAIR
¢ INPUTS:

{ W(k); WAYPOINT TARLE

! C; CHAIN CONFIGURATION i=XYZ, 2=WXY, 3=WXZ, 4=WYZ
1 P; TD PAIR '

! G12(X) ,G23(%) ,613(x); 2-TD G-MATRICES

! Zx(%X); TRANSMITTER PDSITIONS

' QUTPUTS:

! T(x); WAYPOINT TDs

! G(X); G-MATRIX

! Z(Xx); WAYPOINT POSITION

! Zxt(X); TRANSMITTER POSITIONS FOR 2-TD SOLUTION

! L.$; LABEL

72(1,1)Y=W(W,5)

Z¢2,1)=W(W,6)

Zxt(3,1)=Zx(4,1)

Zxt(3,2)=Zx(4,2)

ON C GOTO Xyz,Wxy,Wxz,Wyz

Xyz:! .

INPUT "INPUT TD PAIR; XYi, Xz2, Y23°",P

ON P GOTO Xy,Xz,Yz
Wxy:!
INPUT “INPUT TD PAIR; WXi, WY2, XY3",P
ON P GOTO Wx,Wy,Xy
Wxz:!
INPUT "INPUT TD PAIR; UWXi, WZ2, XZ3",P
ON P GOTO Wx,Wz,Xz
Wyz:!
INPUT "INPUT TD PAIR; WYL, WZ2, YZ3",P
ON P GOTO Wy,Wz,Yz
Wx:!
T(1,1)=W(W,1?
T(2,)=W(W,2)
Le$="WX"
GOTO Xmit_sel
Wy:
T(1,1)=W(W,1)
T(2,1)=W(W,3)
Le="WY"
GOTO Xmit_sed
Wz: !
TC(1,58)=W(W,1)
T(2,1)=W(W,4)
L$="WZ"
GOTO Xmit_sel
Xyt
T(1,1)=W(W,2)
T(2,1)=W(d,3)
Le="XY*
GOTO Xmit_sel
Xz:
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20850 T(1,1)=W(M,2)
© 20860 T(2,1)=W(W,4)
. 20870 L$="XZ*
' 20880 GOTO Xmit_sel
20890 Yz: |
20900 T(4,1)=W(W,3)
20940 T(2,1)=W(W,4)
20920 L$="Y2"
20930 GOTO Xmit_sel
20940 Xmit_sel: !
| 20950 ON P GOTD X12,X13,X23
20960 X12:!
| 20970 MAT G=Gi2
20980 Zxt(i,1)=Zx(1,1)
! 20990 Zxt(4,2)=Zx(1,2)
21000 Zx1(2,4)=Zx(2,1)
210410 Zxt(2,2)=2x(2,2)
21020 SUBEXIT
21030 X13: !
21040 MAT G=G13
21050 Zxt(4,1)=Zx(1,1)
21060 Zxt(4,2)=2x(1,2)
21070 Zxt(2,4)=Zx(3,1)
21080 Zxt(2,2)=2x(3,2)
21090 SUBEXIT
24400 X23: !
24110 MAT G=G23
21120 Zxt(1,4)=Zx(2,1)
21130 Zxt(1,2)=Zx(2,2)
R | 21140 Zxt(2,1)=Zx(3,4)
2| 21150 Zxt(2,2)=Zx(3,2)
i ¥ 21160  SUBEND
3 ‘ 24480 ¢




SUB Td2(W(X) ,X(x),Y¢(Xx),Z(%),I,C,P, T(t)) '

t SELECT THE PROPER ™ SAHPLES FOR CALCULATING XY POSITION
! BASED ON CHAIN CONFIGURATION, TD PAIR, AND 2-TD FEHG SOLUTION
1 INPUTS:

{ WX ,X(X),Y(X),Z(X); TD DATA ARRAYS

| 1; SAMPLE NUMBER

' C; CHAIN CONFIGURATION

{ P; TD PAIR

! OUTPUT: '
! T(x); TD SAMPLE
OPTION BASE 4

ON C GOTD Xyz,Wxy,Wxz,Wy2
Xyz: !

ON P GOTO Xy,Xz,Y2
Wxyi!

ON P GOTO Wx,Wy,Xy
Wxz:!

ON P GOTO Wx,Wz,Xz
Wyz:!

ON P GOTO Wy,Wz,Y2z
Wx:!

T, 0H)=W(I)
T¢(2,1)=X(I)

SUBEXIT

Wy:!

T(1,8)=W¢T)
T(2,1)=Y(1)

SUREXIT

wz:!

T(4,1)=W(T)
T(2,1)=2(1)

SUREXIT

Xyt

T(1,1)=X(I)
T(2,1)=Y(I)

SUBREXIT

Xz:!

T¢4,1)=X(1)
T(2,1)=2(I)

SUBEXIT

Yzil

T¢(1,1)=Y(I)
T(2,1)=2(1)

SUBEND .
!
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21650
21660
21670
21680
21690
21700
21710
21720
21730
217490
21750
21760
241770
21780
21790

21800

21840
24820
21830
21840
21850
21860
21870
21880
23890
21900
219410
21920
21930
21940
21950
21960
21970
21980
21990
22000
22010
22020
22040

SUB Wpf2¢W(X),C,P,W,T(X))
! SELECTS PROPER TDs FROM WAYPOINT FILE FOR CALCULATION OF
| THE “FROM" WAYPOINT POSITION USING THE 2-TD FEHG SOLUTION
I INPUTS: P
! W(k); WAYPOINT FILE

! C; CHAIN CONFIGURATION

! P; TD PAIR |
! W; WAYPOINT FROM

t OUTPUT: .

{ T(x); 2-TD WAYPOINT FOR WAYPOINT FROM
ON C GOTO Xyz,Wxy,Wxz,Wyz

Xyz: ON P GOTO Xy,Xz,Yz

Wxy: ON P GOTO Wx,uWy,Xy A

Wyz: ON P GOTOD Wy,Wz,Yz 3
Wx:!
T(1,8)=W(W,1)
T(2,8)=W(W,2)
SUBEXIT

Wy:! 3
T(3,1)=W(u,1) ‘
T(2,4)=W(W,3)

SUBEXIT b
Wzt .

T(1,4)=W(W,1)
T(2,1)=W(W,4)
SUREXIT

Xy: ! 1
T¢(1,1)=UW(W,2)
T(2,1)=W(W,3)
SUBEXIT

Xz:!
T1,40=WM,2)
T(2,1)=W(W,A4)
SUBEXIT

Yz:!
T(1,40)=U(M,3)
T(2,1)=W(W,4)
SUREND

)




4518 ok —ampeios 0

22050
22060
22070
22080
22090
22100
22110
22120
22130
22140
22141

SUB Rb(X1,Yi,X2,Y2,B,R)
DEG

DEFAULT ON

Dx=X2-X1

Dy=Y2-Y4
R=SQR(Dx*2+Dy*2)
B=ATN(Dx/Dy)

IF Dy<0 THEN B=B+180

IF B(O THEN B=B+360

SUBEND
!




S

!

K

22720
22730
22740

. 22750
- 22760

22770

P az2780
;| 22790

N

: 22800
22810
| 22820

| 22830
. 22840

- 22850
. 22860
- 22870

22880
22890
22900
22910
22920
22930
22940
22950
22960
22970
22980

1 22990
- 23000

23040
- 23020
- 23030
. 23040

23050
23060
23070
23080
23090
23100
23110
23120
23130
23140
23150
231690
23170
23180
23190
23200
232410
23220
23230
23240
23250
23260

Wyz:

SUB Project(W,Wpt(X) ,W(k) ,X(X),Y(X),Z(%),Zx(X),Zy(X),Conf,Zxnit(X),N,V)
OPTION BASE 1
DIM T1(400),T2¢400),T3(400),Bear(4),Range(4),T(3)

! REFLECTS Tbs MEASURED NEAR A UAYPOINT T0 THE WAYPOINT

t TDreflact=TDmeas-(h(Zmeas)-h{(Zuwaypoint))

! h(Z)=(Range_secondary—~Range_master)/Velocity _propogation

CALCULATE h(Zwaypoint)

FOR I=4 TO 4
CALL Rb(Wpt(W,S),Wpt(W,6),Zxmit(I,4),Zxmit(I,2),Bear(]I),Range(I))
NEXT I
FOR I=4 7O 3
T(I)=(Runge(1)—Runqe(4))/V
NEXT X

! CALCULATE h(Zneus)~h(Zuoypolnt)
FOR I=1 TO N
FOR JI=1 TO 4
CALL Rb(Zx(I),Zy(1),Zxmit(J,1),Zxnit(J,2),Bear(J),Range(J))
NEXT J
Ti1(I)=(Range(1i)-Range(4))/V-T(4)
T2¢(I)=(Range(2)—~Range(4))/V-T(2)
T3(I)=<{Range(3)-Range(4))/V-T(3)
NEXT 1
! . CALCULATE TDmeas-TDproj

! CALCULATE TDmeas—[TDuaypoint+(h(Zmeas)-h(Zwaypoint))]
DN Conf GOTO Xyz,Wxy,Wxz,Wyz
Xyz: !

MAT W=(0)

MAT X=X~-T1

MAT X=X-(Wpt(W,2))

MAT Y=Y-T2

MAT Y=Y-(UWpt(W,3))

MAT Z=Z-T3

MAT Z=Z~-(UWpt(W,4))

SUREXIT
Wxy: !

MAT W=W-T4

MAT W=W-(WptiW,1))

MAT X=X-T2

MAT X=X-(Wpt(W,2))

MAT Y=Y-T3

MAT Y=Y=(Wpt(W,3))

MAT Z2=(0)

SUBEXIT
Wxz: ! .

MAT W=W-T4

MAT W=W-(WptiW,1))

MAT X=X-T2

MAT X=X-(UWpt(W,2))

MAT ¥=(0)

MAT 2=2~T3

MAT Z=Z-(UWpt(W,4))

SUBEXIT

MAT WsW-T4
MAT W=W-(Wpt(W,1))




MAT X=(0)

MAT Y=Y-T2

MAT Y=Y-(Wpt(W,3))
MAT Z=Z-T3

MAT Z=Z-(Wpt(W,4))
SUBEND

!
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23330
23340
23350
23360
23370
23380
23390
23400
23440
23420

23430

i 23440

- 23450

I 23460
23470

| 23480

| 23490

- 23500
23540
23520
23530
23540
23550
23560
23570
23580
23590
23600
23610
23620
23630
23640
23650
23660
23670
23680
23690
23700
23740
23720
23730
23740
23760

SUB Way(SL1(Xx),82(x) ,R1(X) ,R2(X),N,M,Wp(x))
DEG
OPTION PBASE 1%
DIM M(2,2),G6¢(2,2),E(2,1),W(2,1)
DEFAULT ON
FOR I=4 TO 6
| CALCULATE WAYPOINT
M(s,2)=M(2,2)=~-1 i
M(1,1)=R1(4,1) )
M(2,0)=R2(4, D
E(:,4)=M(1,50)%564(4,1)-84(2,1)
E(2,1)=M(2,4)%52(1,1)-82(2,1)
MAT G=INVI(M)
MAT W=GXE
!t STORE WAYPOINT
Wp(d,I)=W(1,4)
Wp(2,1)=W(2,1)
IF (S14¢1,1)=0) OR (84(2,1)=0) OR (82(41,1)=0) OR (S2(2,I)=0) THEN Wp(i,I)=0
IF (S1(1,I0=0) OR (S4¢(2,1)=0) OR (S2(1,1)=0) OR (S52(2,1)=0) THEN up(2,I1)=0
!t CALCULATE CROSSING ANGLES
An=ATN(M(1,1))
En=ATN(M(2,1))
Cn=AES(En—-An)
t PRINT An,Bn,Cn
! IF Cn>90 THEN Cn=180-Cn
! CALCULATE DISTANCE BETWEEN WP AND MEAN OF INDEPENDENT VAR
Di=S4(R1(¢(3,I),I)-W(R1¢(3,1),1)
D2=82(R2(3,1),I)~-W(R2(3,1),1)
t STANDARD DEVIATION OF IND VAR
S1=G1(R1(3,I)+2,1)
S2=82(R2(3,1)+2, )
! VAR OF REGRESSION LINE AT WP
Vi=R§(2,I)*2R(4/N+DLi~"2/(N-2)/54*2)
V2=R2(2,I)*2%(1/M+DR*2/(M-2)/S2*2’
! RMS ERROR OF WAYPOINT
VU=y4i+y2
5=8QR (V)
§=85/81IN(Cn)
Wp¢3,1)=8
Wp(4,1)=Cn
NEXT I
SUREND
!




23770 SUB Wprint(Wp(x))

23780 OPTION BASE 1§
23790 FOR I=4 TO 4
23800 FOR J=4 TO 6
23810 IF Wp(I,J)>1046 THEN Wp(I,J)=0
23820 NEXT J ;
23830 NEXT 1 !
23840 PRINT RPTS("_",80) %
23850 PRINT LINC1);TAB(30);"WAYPOINT SOLUTION"

23860 PRINT RPTs("_*,80) :

23870 FIXED 3
23880 PRINT LIN{(1);TABR(1);"TD PAIR”;TAB(EO);“UX”'TAB(31);“NY“'TAB(42)'“NZ";TABQ
53)'"XY"'TAB(64)'"XZ“'TAB(?S)'”YZ"

23890 PRINT LIN(1); TAB(i)'"TDU“‘TAB(iS) sWp(1,1) ;3 TAB(26) 3Wp (1,2); TAR(37) ;Wp(1,3)

23900 PRINT LINC1);TABCL);"TDX";TAR(1S) ;Wp(2,4);TAR(48);Wp(1,4) ;TAR(S?) ;Wp (4,5

23910 PRINT LIN(i);TAB(i);“TDY";TAB(ab);Up(E,Z);TAB(4B);Up(2,4);TAB(70);Up(i,6)
23920 PRINT LINCL);TAR(1);"TDZ";TAE(37) ;Wp(2,3);TAB(S9) ;Wp(2,5) ;TAR(70) ;Wp(2,6)
23930 PRINT LINCE);TAB(4)}"RMS ERROR";TAB(18) ;Mp(3,1);TAB(29);Wp(3,2) ;TABC40) ;b
p(3,3);TAB(SE) ;Wp(3,4) ; TAB(62) ;Wp (3,5) ; TAR(73) ;Wp(3,6)

23940 PRINT LINCE)3TAB(4);"CROSSING ANGLE";TAR(18) sWp(4,1);TAR(29) jup(4,2) ; TARC
40);Wp(4,3);TAR(S1) ;Wp(4,4) ; TAE(62) ;Wp(4,5) ; TAB(73) ;Wp (4,6)

23950 PRINT RPT$("_",80)

23960 PRINT LINCL)

23970 SUBEND

23974 !

i
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23980 SUB Data(W(X),X(X),Y(X),Z(X),N,Ang,Ds,De,Sigma,Xmit(%),Zp(X),V,Conf)
23990 DEG

24000 OPTION BASE 1§

24010 DEFAULT ON

24020 DIM R(4),T1(400),T2¢400),T3¢400),T(3),Z2q(=)

24030 ! CALCULATE SAMPLE INTERVAL
24040 Di=(De-Ds)/N

24050 ! CALCULATE TD SAMPLES
24060 D=Ds )

24070 ! CALCULATE h{(Zp (X))

24080 FOR J=1 TO 4

24090 CALL Range(Zp(1),Zp(2) ,Xmit(J,4) ,Xmit(J,2),R(]))
24400 NEXT J

24410 FOR J=1 TO 3

24120 T(I)=(R(4)-R(I)I/V

24130 NEXT J

24140 FOR I=1 TO N

24150 DISP I;N

24160 | CALCULATE Zq(%)
24170 DEG
24180 Zq(4)=DXCOS(ANG)/(1.B52X60)+Zp (1) | LAT
24190 Z(2)=DXSIN(ANG)/ (1. B52K60XCOS(ZP(1)))+Zp(2) | LON
24200 INCREMEN: D ~

‘ 24240 D-D+D;

‘ 24220 ! CALCULATE NOISE
24230 RAD

24240 U4i=RND
24250 U2=RND

, 24260 U3=RND
24270 Ni=(-2%L0G(UL))*.SXCOS(2XPIXU2)%XSigma
24280 N2=(-2X%XL0OG(U1)>)* . SXSIN(2XPIXU2)%Sigma
24290 N3=(-2%XLOG(U2))*.SASIN(2XPIXU3)XGigmn

ig 24300 CALCULATE h(Zq)-h(Zp)+N
A 24340 FOR J=1 TO 4
24320 CALL Range(Zq(1),Zq(2),Xmit(J,4) ,Xmit(J,2),R(I))
24330 NEXT J

24350 T2(I)=(R(4)-R(2))/V-T(2)+N2
24360 T3I(I)=(R(4)-R(3))/V-T(I)+N3
24370 NEXT I

i 24340 T4(I)=(R(4)-R(1))/V-T(1)+N1
' 3

' 24380 1 STORE DATA IN PROPER ARRAY
i i 24390 ON Conf GOTO Xyz,Wxy,lxz,Wyz
24400 Xyz: !
‘ 24410 MAT W=(0) .

24420 MAT X=Ti
24430 MAT Y=T2
24440 MAT Z=T3
24450 SUBEXIT
24460 Wxy: !
24470 MAT W=T14
24480 MAT X=T2
24490 MAT Y=T3
24500 MAT Z=(0)
24510 SUBEXIT
24520 Wxz:!
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24530 MAT W=Ti4
24540 MAT X=T2
24550 MAT Y=(0)
24560 MAT Z=T3
24570 SUBEXIT
24560 Wyz: !
24590 MAT W=T{
24600 MAT X=(0)
24610 MAT Y=T2
24620 MAT Z=T3
244630 SUBEND
24631 |




24640

245650
24660
244670
24680
24690
24700
24740
24720
24730
24740
24750
24760
24770
24780
24790
24800
24810
24820
24830
24840
24850
24860
24870
24880
24890
24900
24910
24920
24930
24940
24950
24960

SUB Read_al t(W(X) ,X(X),Y(X),Z(X),Tines(Xx),Sanple,F$)
OPTION BASE { o
DIM A(4100),B¢100),C(100),D(400),T4(400)
MASS STORAGE IS "“:Ti14"
Sample=0
MAT W=(0)
MAT X=(0)
MAT Y=(0)
MAT Z=(0)
FOR I=4 TO 400
Tivne$(I)=""
NEXT I
INPUT * FILE NAME? “,F$
ASSIGN #1 TO Fs
! READ #i;Set

READ #1i;Set,Sample
FOR J=0 TO 3
ON END #% GOTO 24830
READ #4;A(X),B(X),C(X),D(X),T$(X)
FOR I=4 TO 100
W(I+T%100)=A(I)
X(I+J%100)=R(I)
Y(I+J%400)=C(I)
Z(1+TI%400)=D(X)
Tinme$(I+I%100)=T$(I1)

! IF ((ACI)=R(I))=C(I))=D(I) THEN Sample=I-1+J%100
! IF Sample(>0 THEN SUBEXIT

IF I+I%4.00=Sample THEN SUBEXIT

NEXT I
IF J+4=Set THEN SUBEXIT
NEXT J

SUBEND
!
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24970 SUB Separate(W(X) ,X(Xx),Y(X),Z(x), Ri(*) Rz(t) TE(X) , Wt (%) ,Xt(X),Ye (%), Z!(U)g
JRLITCK) ,R21(X),Ted(X), N) ;
24980 OPTION BASE i

- 25000 N=0O
250410 MAT Wt=(0)

25020 MAT Xt=(0)

25030 MAT Yt=(0)

25040 MAT Zt=(0)

25041 MAT Rit=(0)

25042 MAT R2t=(0)

25043 FOR I={ TO 400

25044 Tré(I)=""

25045 NEXT 1

25050 PRINTER I8 16

25060 PRINT LINC20);"“FOR SUBFILE ENTER:"
25070 INPUT "START SAMPLE NUMBER",Start
25080 INPUT "STOP SAMPLE NUMRER®,Stop
25090 FOR I=Start TO Stop

25100 N=N+i

25440 Wt(NI=W(I)

25120 Xt(N)=X(I)

25430 Yt (N)=Y(I)

25140 Zt+(N)=Z(I)

25150 Rit(N)=R1(I)

25160 R2t(N)=R2(I)

25170 Tt$(N)=T$(I)

25180 NEXT I

25210 SUBEND

25214 !
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25220 DEF FNReady!

25230 A=0

25240 COM Dcom$lS00),8el_code

25250 IF POS(Dcom$,CHR$(13))>0 THEN A={
25260 RETURN A :

25264 !




COMPAR, Data Analysis Software for Electronic Positioning Augmentation
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PROGRAM APPLICATIONS

The program "“COMPAR" is & collection of special function programs used
to analyze data collected during & Loran-C Harbor Survey with microwave
positioning augmentation. The major functions of the program are to:

a. Calculate waypoint Loran-C time differences

b. Evaluate the performance of Loran-C positioning against the
microwave reference system (e.g. Mini-ranger)

c. Calculate Loran-C time differences of trackpoints

The following is a set of general procedures to use in applying COMPAR to
analyze data collected during a harbor survey with microwave positioning
augmentation:

Preliminsries. Waypoint table, Loran-C chain data, and Mini-ranger
reference station data files are necessary for complete dats anslysis. The
waypoint table file contains time~differences, local xy coordinates,
latitude and longitude for twenty~five waypoints (see K23). The Loran~C
chain data file contains latitude and longitude and power level for three
secondaries and the master and the emission delays for the three secondaries
(see K26). The Mini-ranger reference station files contain the name and xy
coordinates of two reference stations and the local origin used to calculate
position using Mini-ranger data (see K28). The waypoint table, Loran-C
chain data, and Mini-ranger reference station data files are prepared during
the survey planning stages. It is convenient to have the waypoint table
file(s), chain data file and reference station file(s) on the same data tape
cartridge.

The Loran-C TD data may be corrected for known offsets during the time
period that data was collected. Offsets can be determined from a local
monitor TD record and data from the system area monitor. Known calibration
errors in the Mini-ranger range data may also be corrected (see K0).

Waypoint TD Calculations: The primary method to calculate waypoint TDs is
to "reflect" TDs collected near a waypoint to the waypoint. The "reflect"
function (see K27) calculates the difference in TDs between the measurement
position and the waypoint position. This difference is applied as a
correction to the measured TDs for each sample. The mean and standard
deviation of the "reflected" TDs are then calculated.

The standard deviation of the reflected TDs should be slightly larger
than the standard deviations of data collected at dockside. Outliers in the
Mini-ranger data is the usual cause of high standard deviations in the
reflected TD data. It is a good practice to plot the xy positions (see K18)
calculated from the Mini-ranger data prior to reflecting the data to the
waypoint. Outliers are easily identified from the plotted data. Another
suggestion is to perform the automatic range outlier edit function (see Ki6,
option 4) prior to converting the range data to xy positions.
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Data is collected at several points near a waypoint (typically moored to
or stationed near a buoy in the vicinity of the waypoint). An optional dsta
collection technique is to maneuver the survey vessel in a cloverleaf
pattern centered at the waypoint. Waypoint TD estimstes are cslculated from
each data file. The results are compared to each as a check for errors.
Agreement to within 20 to 30 nanoseconds of the mean can be expected.
Differences are the results of estimation errors due to noise, uncorrected
TD offsets, the difference in distance between the measurement positions and
the waypoint, uncorrected range errors, etc. It is left to the judgement of
the data analyst how to combine the waypoint TD estimates for each data file
to form the final TD estimate. The most straightforward approach is to
average the estimates., Figure 1 is a flow chart for calculating waypoints
TD.

For each data file collected near the waypoint of interest
Read data file (KOQ)

Correct range data
Correct TD data

Edit data for range errors (K16, option &)
Convert range data to xy position (K1)
Plot xy data and check for outliers (K18)
If outliers are detected:
Delete bad samples (K16, options 1 or 2

AND
Recalculate xy position (K1)

Reflect TDs to waypoint of interest (K27)

Calculate final waypoint estimate (i.e. average results
from each data file)

FLOWCHART OF WAYPOINT CALCULATIONS

FIGURE 1
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C rison of Performance. TD and Mini-ranger data are collected along
cEannnT edges and centerlines during a harbor survey with microwave
positioning augmentation. These data files can be used to compare the
position fixes obtained from Mini-ranger and the positions calculated from
the TDs using calculated waypoints. This comparison provides a verification
of the waypoint calculations, a measure of performance which may be expected
using a Loran-C navigation device (e.g. PILOT), and enables the data analyst
to decide if a trackpoint is necessary between waypoints.

The coordinates for waypoints and Mini-ranger reference stations are
based on Army Corps of Engineers (COE) dredging data. The COE coordinates
are in state plane coordinates. These coordinates are translated to local
coordinates by subtracting the state plane coordinates of the local origin
and changing units from feet to kilometers. Waypoints are calculated as the
intersection of channel centerlines.

The position fixes for Mini-ranger data are computed using trilateration
(see K1). Along and crosstrack positions are based on the range and bearing
calculated between tabulated waypoint coordinates.

The Flat Earth Hyperbolic Grid (FEHG) algorithm is used to compute xy
coordinates from TD data (see K17). Inputs to the algorithm are calculated
waypoint TDs, waypoint xy coordinates and transmitter xy coordinates. The
transmitter xy coordinates are referenced to the local origin. The FEHG
algorithm is also used to calculate the coordinates of the next waypoint for
along/cross track calculations.

The function "Compare Mini-ranger and Loran~C Position Data" (see K3)
calculates the difference in xy position and along/cross track position for
each data sample and the mean and rms values of the differences for the data
set. 1f the Mini-ranger positions are assumed to be “truth,” the result is
an evaluation of the accuracy of the Loran-C fixes for the data set. Plots
are provided for the xy "errors" and along/cross track "errors." Plots of
the xy data and along/cross track data are also available (see K18 and K19).

One must be careful to compare "oranges to oranges" when evaluating the
“error" statistics and plots generated by the function K3. The domain in
which a Loran-C harbor navigation device (e.g. PILOT) operates is distances
relative to a trackline defined by two waypoints (i.e. along/cross track).
The xy "error" data is interesting, but its only significance is that the x
and y errors should approach zero near the "TO" waypoint (along track
distance = 0). Large xy errors near the “TO" waypoint is indicative of an
error in the waypoint, the Mini-ranger data, or the Loran-C data.

The along/cross Drack "errors" are the more significant, If both the
waypoint "TO" and "FROM" waypoint calculations are correct, the cross track
distance "errors" at each end of the trackline will be near zero. The along
track distance errors should converge to zero at the "TO" waypoint. Note
that for the Mini-ranger data, along and cross track distance are calculated
using the distance and bearing calculated between the waypoint coordinates
determined from COE dredging data (see Figure 2). For the Loran~C data, the
"TO" waypoint xy coordinates are the same as those used in the Mini-ranger
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Wi - Waypoint "TO" xy position; calculated from COE
dredging data; stored in waypoint table

Wi+l - Waypoint "FROM" xy position; calculated from
COE dredging data; stored in waypoint table

wisl - Waypoint "FROM" xy position calculated using
FEHC algorithm relative to Wi

0 © bearing from Wi to Wiel

0 ' - bearing from Wi to Wi+l
R = range from Wi to Wiel

' - range from Wi to w'ia

FIGURE 2
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) Reed dats file (X0)

% Correct range data
P Correct TD data

; Edit data for range errors (K16, optiom &)
. Convert range data to xy position (K1)

| Convert TD data to xy position (K17)
(Use same "TO" and "FROM" waypoints as above)

i Compare the two sets of xy data (K3)

Plot xy data (K18) - optionsl
Plot along/cross track data (K19) - optional
1f cross track errors are significant

Calculate grid warp (K21)
Calculate track point

| ‘SUMMARY OF PROCEDURE TO COMPARE POSITION DATA
CALCULATED FROM MINI-RANGER AND LORAN-C

FIGURE 3 i
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Trackpoint Calculations. Cross track error is the best measure of the
expected performance of Loran-C navigation between waypoints. The plot of
the cross track errors may exhibit a "bow" between the waypoints. That is,
the e;ror will be near zero at both endpoints, and there will be a well
defined offset somewhere near the halfway point. The severity of this bow
and the channel dimensions are the factors which must be evaluated to
determine if a track point is necessary. A trackpoint is basically a
waypoint located on the centerline between two waypoints. The data analyst
determines the location of a trackpoint(s) by inspecting the cross track
error plot. The along track distance where a trackpoint(s) is needed is
recorded. The function, Calculate Grid Warp (see K21), is used to calculate
the difference between the measured TDs and the TDs projected from the
waypoint based on the difference in position between the waypoint and
measurement point. The differences are plotted against along track
distance. Therefore, the correction to be applied at the trackpoint for
each TD can be picked off the error plot at the along track distance the
trackpoint is to be located. The ideal TD at the trackpoint is calculated
using the TD Move (see K24) function. The trackpoint TD is equal to the
ideal TD plus the correction determined from the TD error plot.

Miscellaneous. The mean and standard deviation of TD data collected are
calculated using the function, Stats and Regression of TD Data (see K2).
This function also calculates covariance, correlation coefficients, and
linear regression slopes for each TD pair. The TD data is plotted using the
function, Plot TD Data with Regression Lines (see K4). Residuals for the
linear regression of TD pairs is plotted using the function, Plot Residuals
of TD data (see K5).

The function, Predict TD (see K20), is used to predict the TDs for a
waypoint or any position of interest. The function also outputs ranges and
bearings to the transmitters and geometric dilution of precision (GDOP) for
th: three TD fix and each of the possible two TD fixes.

The function, Link Data Files (see K25), is used to load more than one
data file into computer memory. The function will limit the total number of
samples at 400, The combined data may then be restored on a new file.

The function, Daisy Chain Waypoints (see K25), calculates the position
of one waypoint with respect to another based on the difference in TDs
between waypoints. This function is more frequently used during visual
surveys. However, it is very useful to compare the range and bearing
computed with the range and bearing from COE coordinates as a check of
waypoint calculations. Bearing angles are generally within .5 degrees, and
ranges within 100 meters.

The functions, File or Read WP Data (see K23), Store Chain Data (see
K26), and File or Read Reference Station Data (see K28), are used to file
reference data for further use and to store waypoint data.




Data Analysis Software

Function: Read Data File
Special function key: KO
Subprograms:

Read ("(*). X(*). Y(*). Z(*)n Rl(*)a RZ(*). U‘(*)a No F‘)
The program function reads time-difference (TD), range and time-of-day data
stored on magnetic tape. The range and TD data may be corrected for known
errors. If the range data is corrected, a lower case "r" is annotated to the

file name, F§. 1If TDs are corrected, a lower case "t" is annotated to F§.

Input parameters:

F$ ~ File name

Range $ - Indicates if Range data is to be corrected, "Y" = yes, "N" = no.
Rle - correction to R1(*)

R2¢ - correction to R2(*)

Td cor$ =~ Indicates if TD data is to be corrected, "Y" = yes, "N" = no.
Weor - correction to W(%*)

Xcor - correction to X(*)

Ycor - correction to Y(*)

Zcor - correction to Z(*)

Output parameters:

W(*) - TDW data

X(*) - TDX data

Y(*) - TDY data

Z(*) - TDZ data

R1(*) - Range 1 data

R2(*) - Range 2 data

U$(*) - Time-of-day data

N - number of samples

F$ - annotated file name.
F$&"r" = range data corrected
F$&"t" = TD data corrected
F$&"rt" = range and TD data corrected.

User Instructions:
Prerequisite functions: None
1. Insert data tape into left hand tape transport.

2. Press KO. The menu is cleared and "READ DATA FILE" appears on the CRT in
inverse video.

3. When "File Name?" appears in display area:

a. Enter: File name
b. Press: CONT

The file is read and the file name and number of samples are printed.
B-8
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4. When "CORRECT RANGE DATA? Y OR N" appears in the display area:

; a. If you want to correct range data:
: (1) Enter: Y
(2) Press: CONT
(3) Go to Step 5
or
) b. If you do not want to correct range data:
(1) Enter: N
! (2) Press: CONT
(3) o to Step 7.

5. When "CORRECTION TO Rl (METERS)?" appears in display area:

a. Enter: correction to Range 1 in meters
b. Press: CONT

6. When "CORRECTION TO R2(METERS)? appears in display area:

a. Enter: correction to Range 2 in meters
b. Press: CONT

The corrections entered for Range 1 and Range 2 are printed and titled.

7. When "CORRECTION TO TDs? Y/N" appears in display area:

a. If you want to correct TD data:

. (1) Enter: Y
(2) Press: CONT
(3) Go to Step 8
b. If you do not want to correct TD data:

I R s T P

(1) Enter: N
(2) Press: CONT j
(3) Go to Step 12 )

piov S

8. The start and stop times for the data collected will be printed. When
"CORRECTION TO TDW(MICROSEC)?" appears in display area:

a. Enter: correction to TDW data in microseconds
L b. Press: CONT k

9. When "CORRECTION TO TDX(MICROSEC)?" appears in display area:

a. Enter: correction to TDX data in microseconds '?
b. Press: CONT

i 10. When "CORRECTION TO TDY(MICROSEC)?" appears in display area:

a. Enter: correction to TDY data in microseconds
i b. Press: CONT

B-9
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! 11, When "CORRECTION TO TDZ(MICROSEC)?" appears in display area:

a. Enter: correction to TDZ data in microseconds
b. Press: CONT

The corrections entered for each TD will be printed and titled.

12. The program function is complete. The function menu is printed on the
' CRT.

Eirin

e e 2 e .
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Function: Convert Range Data to XY Positions
Special Function Key: Kl
Subprograms:

Triangle (R, Rb/1000, Rc/1000, A, B, C)

Position (Zb(*), Alpha, Rc/1000, Sign, B, Zx(I), Zy(I))

Stat_mat (Rl(*). R2(*), Zx(*), zZy(*), Stat(*), Cov(¥*), O_Set(¥), N)

Print (Stat(*), O Set(*), Cov(*), R(*), N, 2)

ct_at (2x(¥%), Zy(*). cee(x), Att(*). Wwpt(wt,5), Wpt(Wt,6), Wpt(Wf,5),
Wpt(Wf,6), N, R, Angle)

Reg(Stat(*), Cov(¥*), S(*), R(*), 0 _set(*))

This program function converts Miniranger range data to cartesian xy
coordinates relative to a local origin. Cross track and along track data are
also calculated. Trilateration is used to calculate xy position using
distances measured to two reference stations and the distance between
reference stations. Cross track and along track position are calculated
relative to a trackline between two waypoints. {

3 Input parameters:

Rp$ - position reference file which contains name and xy position of
reference stations and local grid origin.

Ref$(*) - names of reference stations and local origin

Ref(*) - xy position of reference stations and local origin

R1(*) - range data to transponder Rl

R2(*) - range data to transponder R2

S vl S v oo Nt 1 T

41 { File$ - waypoint file name
16 F1 - indicator if waypoint file has been previously read
A | Wt - waypoint to for along/cross track calculation
4 wf - waypoint from for along/cross track calculations
Wpt(*) - waypoint data array.
Ctat$ - indicates if cross track and along track position is to be

calculated. yes = "Y", no - uyt
Output parameters:

Zx(*), Zy(*) - position coordinates for each data sample

Att(*), ctt(*) - along and cross track coordinates of each data sample - tt
stat(*), Cov(¥), s(*), R(*), O_Set(*) - statistics arrays which contain

| mean, standard deviation, covariance, correlation coefficients and linear

: - regression parameters for range and position data (see K2).

Local Variables:

- Zb(*) - Local coordinates of the reference station at the B vertex
of the triangle formed by the survey vessel and two reference
stations

AT R Ry ven g ¢

. Zc(*) - Local coordinates of the reference station at the C vertex
of the triangle formed by the survey vessel and two reference |
stations.

R o _ Range between reference stations (km)
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Alpha - azimuth between reference stations
Point$ - location of Rl transponder

1 = B vertex

2 = C vertex

Location of Rl transponder, B or C

Normally = 1; if reference station baseline is crossed, change
to =1

Q Sample number on which the sign is to be reversed
Rb Side of triangle opposite B vertex (m)
Re Side of triangle opposite C vertex (m)

A,B,C - Angles of triangle formed by vessel and two reference statioms,
angles are labeled clockwise from vessel

User Instructions:

Prerequisite functions: KO Read Data

1. Press Kl. The menu is cleared and "CONVERT RANGE DATA TO XY POSITION"
appears on the CRT in inverse video,

2. When "POSITION REFERENCE FILE NAME?" appears in display area (tape
containing position reference file should be in right hand tape drive):

5 wdheinnn
i,

a. Enter: Position reference file name
b. Press: CONT

g ]
")

The file name is printed on the hard copy printer.

o

3. The title and position of the reference stations and the local grid origin
and the range and bearing between reference stations are printed on the CRT.
When "IS R1 AT POINT B(1) OR POINT C(2)? 1 or 2" appears in the display area:

a. If the Rl transponder was at Point B

(1) Enter: 1

(2) Press: CONT

(3) When "ENTER SIGN, +1 OR ~1" appears, enter +1 if ship is above
reference station base line, -1 if below

(4) When "DATA SAMPLE TO CHANGE SIGN" appears, enter the number of
the data sample at which the survey vessel crosses the baseline

"Rl TRANSPONDER IS AT POINT B" and "CONVERTING DATA" (Blinking) will be
printed on the CRT display.

b. If the Rl transponder was at point C:
(1) Enter: 2
(2) Press: CONT
(3) When "ENTER SIGN, +1 OR -1" appears, enter +1 if ship is above
reference station base line, -1 if below
B-12




(4) When "DATA SAMPLE TO CHANGE SIGN" appears, enter the number of
the data sample at which the survey vessel crosses the baseline

"Rl TRANSPONDER IS AT POINT C" and "CONVERTING DATA" (Blinking) will be
printed on the CRT display.

4.

6.

6.

The sample number and the angle A will appear on the display line,
the calculations are complete, a table of average ranges and xy position and
their standard deviations is printed on the hard copy printer.

When

"Waypoint file?" Will appear on the display line if it had not been
previously entered

a. Enter: waypoint file name (tape with waypoint file should be in right
hand tape drive

b Press: CONT

When "WAYPOINT TO" appears on the display line:

a. Enter: Waypoint To
b. Press: CONT

When "WAYPOINT FROM" appears on the display line:

a. Enter: Waypoint from
b. Press: CONT

The program function is complete. The function menu is

printed on t

he

CRT.




Function: Calculate Statistics and Linear Regression of TD Data

Special Function Key: K2
Subprograms:

Hi_lo (W(*), N, Bw, Lw)
| Stat mat W(*). X(*), Y(*), z(*), Stat(*), Cov(*), O_set(¥*), N) o
Reg (Stat(*), Cov(*), S(*), R(*), 0_set(*)) ]
Print (Stat(*) 0_set(¥*), Cov(*) R(*), N, V) -

This program function calculates statistics, linear regression coefficients,
and minimum and maximum for the four TD arrays. Statistics and regression
parameters calculated are:

a. mean for each TD

b. standard deviation for each TD

c. covariance of TD pairs

d. correlation coefficient of each TD pair

e. linear regression slopes of each TD pair

f. standard deviation of residuals for each regression line

Input parameters:

W(*), X(*), Y(*), Z(*) - TD arrays

; N - number of samples
ﬁ‘:; Output parameters: ]
SRy
X 1 Stat(*) - Summary statistics array containing sums, sums of squares,
?, mean and standard deviation
i‘ 0_set (%) - First data sample for each TD
i Cov(*) - Summary statistics array contains sums of cross products.
covariance, and correlation coefficients of TD pairs i

1 Bw, Bx, By, Bz - Maximum value for each TD array
L Lw, Lx, Ly, Lz - minimum value for each TD array.

i S(*) - A summary statistics array containing mean and standard i
. deviation for each TD pair
‘- R(*) - An array containing linear regression slope, RMS residuals,
o and definition of the independent variable for each TD pair
- User Instructions:
o 1

| Prerequisite functions: KO Read Data

1. Press K2. The menu is cleared and "STATS AND REGRESSION OF TD DATA"
appears on the CRT in inverse video.

i

! 2. The file name, start time, stop time, and a tabulation of the statistics
| and linear regression parameters for the TDs and TD pairs is printed on the
Lo hard copy printer. i

3. The program function is complete. The function menu is printed on the CRT, :
B-14
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Function: -Compare Mini-ranger and Loran-C position data
Special Function Key: K3
Subprograms:

Compar (Pos_x(*), Pos_y(¥*), 2x(¥), Zy(*), At(*), Ct(*), Ate(¥), Ctt(¥),
F$, N, R)

This program function compares Loran-C derived position with Mini-ranger
calculated position. Mini-ranger positions are assumed to be "truth"” and the
difference between the Loran-C position and Mini-ranger position is the
Loran-C position error. Two sets of position errors are calculated, Xy and
along/cross track. The Xy errors are a direct comparison between Mini-ranger
and Loran-C derived positions. The Mini-ranger along/cross track positiom is
based on the local coordinates of the waypoints. The Loran-C along/cross
track position is based on the difference in TDs between waypoints.

The following parameters are calculatred:

1. average x and y position error

2., rms x and y position error

3. average along and cross track error
4, rms along and cross track error

5. rms radial error based on xy position errors
6. rms radial error base on along/cross track errors

Input variables:

Pos_x(*) ~ Loran-C derived x position
Pos_y(*) - Loran~C derived y position

Zx(%) ~ Mini-ranger derived x position
Zy(*) - Mini-ranger derived y position
ct(*) ~ Loran~C derived cross track position
At(*) ~ Loran~C derived along track position

Ctt(*) -~ Miniranger derived cross track position -
Att(*) - Mini-ranger derived along track position

N -~ Number of samples
F$ ~ Data file
R ~ Range between waypoints

User Instructions:

Prerequisite functions: K0 - Read Data
Kl - Convert Range Data to xy Position
K17 - Convert TD dats to xy Position

1. Press K3. The menu is cleared and "COMPARE MINI-RANGER AND LORAN-C
POSITIONS" appears on the CRT.

2, A tabulation of Loran-C position error data will be printed on the hard
copy prinmter.
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3. A plot of x and y errors will appear on the CRT screen. When finished
vieving the plot, press CONT.

4.

5.

When finished viewing the plot, press CONT.

6.

When “"HARD COPY" Y OR N" appears on the display line:

a. If a hard copy of the xy error plot is desired
(1) Enter: Y ‘
(2) Press: CONT

b, If no hard copy is wanted: ?
(1) BEpter: N
(2) Press: CONT

A plot of along and cross track errors will appear on the CRT screen.

When "HARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the xy error plot is desired:
(1) Enter: Y
(2) Press: CONT
b. If no hard copy is wanted:
(1) Enter: N
(2) Press: CONT

The program function is complete. The function menv is printed on the CRT.

B-16
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Function: Plot TD Data with Regression Lines

Special Function Key: K&

Subprograms:

' Plot (Lx, Bx, Ly, By, Xaxis, Yaxis, X(¥), Y(*), Slope, N, "IDX", "TDY", F§) i
p ! The program function plots two of the time~difference arrays against each %
: other and also plots the linear regression line for the TD pair chosen. The

| program sutomatically scales the plot for the minimum and maximum TDs for each

array. The axes are drawn through the mean for each TD. Minor tic marks are

every microsecond and major tic marks every 10 microseconds.

Parameters:

u f Plot - TD pair to be plotted

1=WX; Z=WY; 3=~WZ; 4=XY,5=2XZ, 6=7Y2

Lw, Lx, Ly, Lz ~ Minimum TD for each array

Bw, Bx, By, Bz - Maximum TD for each array

S(*) - Statistics summary array containing means and standard deviations for
each pair to TD arrays

R(*) -~ Regression summary array which contains slopes of regression lines
N - Number of samples

F$ - File name

User Instructions:

Prerequisite function: KO - Read Data File
K2 - Calculate Statistics and Linear
Regression of TD Data

1. Press K4. The menu is cleared and "PLOT TD DATA WITH REGRESSION LINES"
appears on the CRT in inverse video.

2. When "PLOT? WX, WY2, W23, XY4, XZ5, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

. 3. The selected TD data will be plotted on the CRT. When finished viewing
k the plot:
2

8. Press: CONT







Function: Plot Residuals
Special Punction Rey: KS

Subprograms: Rplot(Iv(*), D(*), S(*), R(*), Pr, N, V1§, V2§, F$)
Hi_lo (X(*), N, Hi, Lo)

This program function plots the residuals from the linear regression of any TD -
pair (See K2). The residuals may be plotted against sample number or the
independent variable. Residuals are normalized to the standard deviation of
the residusls. Normalized values greater than 5 are printed on the hard copy
printer and are not plotted.

Variables:

W(*), X(*), Y(*), Z(*) - TD data arrays

S(*) - Statistics summary array

R(*) - Regression summary array

Pr - TD pair for which residuals are being plotted: 1 = WX, 2 = WY, 3 = WZ,
4 = XY, 5 =XZ; 6 = YZ

N - Numbers of Samples

V1§, V2$ - Rames of two TDs for which residuals are being plotted, i.e.

"TDH"D "TDX", etce.
F$ - Data file name

User Instructions:

Prerequigite functions:
KO - Read Data
K2 - Calculate Statistics and Linear Regression of TD Data

1. Press K5. The menu is cleared and "PLOT RESIDUALS" is printed on the CRT
in inverse video.

2. When "PLOT? WX1, WY2, W23, XY4, X25, YZ6" appears on the display line:

a. Enter: 1-6 depending on which plot is desired
b. Press: CONT

3. When "PLOT RESIDUALS VS N(1) OR INDEPENDENT VAR(2)?" appears on the
display line:

a. To plot the residuals vs sample number:
(1) Enter: 1
(2) Press: CONT
(3) Go to: Step 4
b. To plot the residuals vs the independent variable:
(1) Enter: 2
(2) Press: CONT
(3) Go to: Step &

4. The normalized residuals for the selected TD pair regression line will be
plotted on the CRT. When finished viewing the plot:

a. Press: CONT
B~-19




i o e o

0.1 11t i 24
T -
: -~

5.

6.

When "HARD COPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
(2) Press: CONT

b. If no hard copy of the plot is desired:
(1) Enter: N
(2) Press: CONT

The program function is complete. The function menu is printed on the
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Punction: Edit Data

Special Punction Key: K16
Subprograms:

Delete (W(*)), X(*), Y(*), Z(*), Rl1(*), R2(*), U$(*), N, F$)
Delete blok (W(*), X(*), Y(*), Z(*), R1(*), R2(*), U$(*), N, F$)
Delete:td (W(*). X(*)' Y(*). z(*)p Rl(*). RZ(*). u‘(*)l N. r‘)
Delete rg (W(*), X(*), Y(*), Z(*), RL(*), R2(*), U$(*), N, F§)
Store(W(¥), x(*), Y(*}, z(*}, R1(*), R2(*), U$(*), N, F$)

This program function is used to edit (i.e. remove) samples from the data
arrays. FPour options are available to the user:

a. The first option deletes a single data sample in each data array.

b. The second deletes a block of data samples.

c. The third deletes samples with TD samples outside a range that is
input by the operator.

d. The fourth deletes samples with outliers in the range data. The
routine compares each range with the average of the previous and next sample.
1f there is a difference of more than 100 meters, the sample is deleted.
Unfortunately, this technique usually deletes the outliers and the sample on
each side of the outlier. This is normally not a significant problem, i.e,.
nine samples will be deleted rather than three. The alternative is to detect
the outliers and the corresponding sample number using the Plot XY Position
function (K18) and use the single sample delete option.

When editing of the data arrays is complete, the operator may store the edited
data on a new file for later use.

NOTE: The edit function deletes only data samples. Arrays containing XY and
along/cross track position data are not affected. Functions Kl and K17 wust
be repeated to reflect the result of this editing on the computed positions.

Paramaters:

Edit - Indicates which edit subroutine is to be used.

delete sample by sample

delete block of samples

delete samples with TD values outside limits determined by operator
delete samples with range outliers

W -
[ I |

W(*), X(¥), Y(*), z(*), R1(*), R2(*), U$(*) - Data arrays
N - Number of samples
F$ - Data file name

User Instructions:

Prerequisite functions:

KO: Read Data
Optional: Several other program functions may be run prior to the Edit
function to determine which data samples are to be edited,
XY & KZ, m. KS. Kl, K18
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1. Press: K16. The menu is cleared and "EDIT DATA" appears on the CRT in
inverse video.

2. When "SINGLE LINEl, BLOCK2, TD-CLIP3, OR RANGE4?" appears on the display
line:

a. If you want to delete samples one at a time:
(1) Eater: 1
{2) Press: CONT
(3) Go to Step 3
b. If you want to delete a block(s) of samples:
(1) Enter: 2
(2) Press: CONT
(3) Go to Step 8
cs If you want to delete samples outside a set of TD bounds:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 11
d. If you want to delete outliers in the range data:
(1) Enter: & 1
(2) Press: Cont ,
(3) Go to Step 15 ’

e. If you want to continue without any editing:
(1) Press: CONT without entering any number
(2) Go to step 5

3. When "SAMPLE TO BE DELETED? START WITH HIGHEST NUMBER" appears on the
display line:

a. Enter: Sample number
b. Press: CONT

The sample deleted and the number of samples remaining are printed on the hard
copy printer.

4. When "ANOTHER SAMPLE TO DELETE?" appears in the display area:

a. Enter: Y(if another sample is to be deleted) or N
b. Press: CONT
c. If another sample is to be deleted, go to Step 3.

5. When "EDIT MORE DATA? Y or N" appears in the display area:

a. if more data editing is desired:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 2

b. if no more editing is to be performed:
(1) Enter: N
, (2) Press: CONT
! (3) Go to step 6




6. When "LIST DATA?" appears in the display area:

a. If a listing of the data is desired:

(1) Enter: Y

(2) Press: CONT. The data is printed on the hard copy printer.
b, If a listing of the data is not desired:

(1) Enter: N

(2) Press: CONT

7. When "STORE EDITED DATA?" appears in the display area:
a. If you want to store the data
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 8
b. 1If you do not want to store the data
(1) Enter: N
(2) Press: CONT
(3) Go to Step 16

8. Insure that a tape cartridge is loaded into the left hand tape drive.
When "FILE NAME?" appears on the display area:

a. Enter: File name

b. Press: CONT

¢c. Go to Step 16

9. When "FIRST SAMPLE IN BLOCK?" appears in the display area (if more than
one block is to be deleted, delete the block with the higher sample numbers
first. The array is renumbered after each edit.)

a. Enter: First sample
b. Press: CONT

10. When "LAST SAMPLE IN BLOCK TO BE DELETED” appears in the display area:

a. Enter: Last sample
b. Press: CONT

The block of samples deleted and the numbers of samples remaining are printed
on the hard copy printer.

11. When "ANOTHER BLOCK TO BE DELETED?" appears in the display area

a. 1f there is more data to be deleted
(1) Enter: Y
(2) Press CONT
(3) Go to Step 9

b. If no more data is to be deleted
(1) Enter: N
(2) Press: CONT
(3) Go to Step 5

12. When "CLIP LIMITS FOR WHICH,SECONDARY? W1, X2, Y3, Z4" appears in the
display area:

a. Enter: 1 through 4 to select the secondary to test for clip

b. Press: CONT
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13. "“SETTING CLIP LIMITS FOR ( )" will be printed and "CLIP LIMITS? MIN,MAX"
will appear in the display area:

a. Enter: minimum TD, maximum TD

b. Press: CONT

The number of samples deleted and number of samples remaining are printed on
the hard copy printer.

14, When "SET ADDITIONAL CLIP LIMITS?" appears in the display area:

a, If more clip limits are to be set:
(1) Enter: Y
(2) Press: CONT
(3) Go to step 12

b. If no more clipping is to be performed:
(1) Enter: N
(2) Press: CONT
(3) Go to step S

15. The program will delete what it determines to be range outliers.
Generally an outlier and the sample before and after it will be deleted. The
samples deleted, the total number of samples deleted, and the remaining number
of samples is printed on the hard copy printer.

a, Go to Step 6

16, The program function is complete. The program menu is printed on the CRIT.
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Function: Convert TD Data to XY Position
Special Function Key: K17
Subprograms:

Cart_coord (Xmit(¥*), Wpt(25,7), Wpt(25,8), Zxmit(¥*))

Rb (Wpt(wt,5), Wpt(Wt,6), Zmit(I,1), Zxmit(I,2),Bear(l), Range (1))

G_mat (Power(*), V, Range(¥), Bear(*), Zp(¥), Aa(*), G123(*), Gl2(+),
G23(*), G13(*)) :

Wp3 (Wpt(*), conf, Wt, Tp(*), Zpp(*), L$)

Td3 (W(*), X(*), Y(*), 2(*), I, Conf, Tq(¥*))

Fehg (Zxmit(*), zZpp(*), Tp(*), Tq(*), G123(*), 2q(*), V, Nsta)

Wp2 (Wpt(*), Conf, Wt, Tpp(*), Pair, Zpp(¥*), Gl2(*), G23(¥), Gl3(¥*), G(*),
L$, Zxmit(*), Zxm(*))

Td2 (W(*), X(*), Y(*), z(*), I, Conf, Pair, Tqq(*))

Wpf2 (Wpt(*), Conf, Pair, WE, Tqq(¥)

Ct_at (Pos_x(¥*), Pos_y(*), Ct(*), At(¥), wpt(We,5), Wpt(wt,6), Zq(1,1),
2q(2,1), N, R, Angle)

Stat_mat (Pos_x(*), Pos_y(*), Ct(*), At(*), Stat(¥), Cov(¥), O_set(*), N)

Reg (Stat(*), Cov(*), S(*), R(*), 0O_set(*))

Track (Stat(*), O_set(*), Cov(*), R(*), Sample, F$§, Wt, Wf, Angle, N)

Rotate (Glat, Glon, R(*))

Cart (Plat, Plon, X, Y)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R*, Plat, Plon)

This program function converts Td data to xy and along/cross track positions
using the Flat Earth Hyperbolic Grid (FEHG) algorithm and surveyed waypoints.
The program will compute either a three or two TD solution. A summary table
is printed on the hard copy printer which lists:

-chain and LOPs used in the solution

-file name

~bearing angle between waypoints used for along/cross track calculation
- rms trackline of data

~average cross track position

-gtandard deviation of cross track position

-average xy position

-standard deviation of xy position data

Function Parameters:

Chain$ - Loran-C transmitting chain file which contains transmitter positions,
pover, and emission delays. The convention for naming chain files is a
four letter code followed by a number from 1 to 4, eg NEUSl. The number
2eoignates the three secondaries utilized: 1 = XYZ, 2 = WXY, 3 = WXZ,

= WYz,

Cl - Flag which is set when the Loran-C chain file is read

Pos_x(*), Pos_y(*) - x and y position arrays

At(*), ct(¥) - Along and cross track position arrays

Xmit(*) =~ Transmitter geodetic positions

Power(*) - Transmitter power levels

Emis(*) - Secondary transmitter emission delays

Fl - Flag to indicate when the waypoint file is read
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File$ - Waypoint file name
Wpt(*) - Waypoint dats array
Zxmit(*) -~ Transmitter xy positions referenced to local origin (Wpt(25,7),
Wt - Waypoint used as reference for TD to Xy calculations
Wf - Waypoint used for along/cross track calculations to Wt
Bear(*) - Bearings from waypoint to transmitters
Range(¥*) - Ranges from waypoint to transmitters
Zp(*) - XY position of waypoint
V - Velocity of propagation
Aa(*) - Gradient matrix, xy to TD
G123(*) ~ Three Td gradient matrix, TD to XY
Gl12(*), G13(*), G23(*) -~ Two TD gradient matrices, TD to XY ;
Conf - Chain configuration 1 = XYZ, 2 = WXY, 3 = WKZ, 4 = WYZ ‘
Ch$ - Abbreviation of chain, eg first four characters of chain$ !
So - Indicates two or three solution: 2 = 2-TD, 3 = 3-TD
L$ ~ LOPs used in TD to XY calculation, eg XYZ, YZ, WX, etc.
W(*), X(*), Y(*), Z2(*) ~ TD data arrays i
Zq(*) - XY position solutiom ;
Tq(*) = 3~TD sample ‘ |
TQQ(*) ~ 2-TD sample
Zpp(*) ~ XY position of waypoint
Tp(*) - 3~TD waypoint
Tpp(*) - 2~TD waypoint i
Zxx(*) - Dummy position array
Pair - LOP pair used for TD to xy calculation
If Conf = 1; 1 = XY, 2 = XZ, 3 = Y2
If Conf = 2; 1 = WX, 2 = WY, 3 = XY
If Conf = 3; 1 = WK, 2 = WZ, 3 = YZ
If Conf = 4; 1 = WY, 2 =Wz, 3 = YZ
G(*) -~ 2TD G matrix used in 2TD solution
Zxmit(*) - Transmitter xy positions
R - Distance between "TO" and "FROM" waypoints
stat(*), Cov(*), O_set(*), S(¥), R(*) - Arrays containing summary statistics
of xy and along/cross track position
Nsta - Number of gecondary stations used in the FEHG computations

User Instruction:

Prerequisite instructions: Read Data, KO

l. Press K17. The menu will be cleared and "CONVERT TD TO XY" will appear on
the CRT in inverse video.

2., When "CHAIN CONFIGURATION? " appears on the display line:

ﬁ | (1) 1Insure that the tape cartridge containing chain data is

L in the right hand tape drive.

: (2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NEUS,
SEUS, WCUS. The number following the characters denotes the

! secondaries, eg: 1 = XYZ, 2 = WXY, 3 = WXz, 4 = WYZ

i (3) Press: CONT
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NOTE: Chain configuration data is only read once. The data is stored in
memory for further use. To change chain configuration either:

a. Press: STOP ’
b. Press: RUN. This clears data memory and "“CHAIN CONFIGURATION" will be
requested as above. All other data in memory will also be cleared.
OR
a. Enter: Cl =0
b. Press: EXECUTE. This clears the flag, Cl, which will cause the
program to branch through the "CHAIN CONFIGURATION?" statement.

3. When "WAYPOINT FILE NAME?" appears in the display area:

a. Insure that the tape cartridge containing waypoint data is
in the right hand tape drive.

b. Enter: Waypoint file

C. Press: CONT

NOTE: Waypoint file data is read only once. The data is stored in memory for
further use.

To change the waypoint file:

a. Press: STOP
b. Press: RUN. This clears data memory and "WAYPOINT FILE" will be
requested as above
OR
a. Enter: Fl =0
b. Press: EXECUTE. This clears the flag Fl which will cause the program
to branch through the "WAYPOINT FILE?" statement.

4. When "WAYPOINT TO?" appears in the display area:

a. Enter: Waypoint number. NOTE: If a comparison of Mini-ranger and
Loran-C position data is to be made, insure that "TQ" and "FROM"
waypoints are consistent. Conversion waypoint is "TO" waypoint.

b. Press: CONT

5. When "WAYPOINT FROM?" appears in the display area:

a., Enter: Waypoint number. See Note above
b. Press: CONT

6. When "TWO OR THREE SOLUTION?" appears in the display area:

a. If a two TD solution is desired:
(1) Enter: 2
(2) Press: CONT
(3) "TWO TD SOLUTION, CHAIN = LOPS = " is printed on
the hard copy printer.
b. If a three TD solution is desired:
(1) Enter: 3
(2) Press: CONT
(3) "THREE TD SOLUTION, CHAIN = LOPS = " is printed on
the hard copy printer.
B-27
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7. The sample number is displayed in display area as the program sequences
through the data arrays. When the calculations are complete, a summary table
is printed on the hard copy printer which contains:

a. data file name
b. bearing angle between waypoints
¢c. rms trackline of data
‘ d. average cross track position
e. standard deviation of cross track position
f. average x,y position
g. standard deviation of xy position data

8. The program function is complete. The function menu is printed on the CRT.
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Function: Plot XY Data
Special Function Key: K18
Subprograms:

Hi_lo (Pos_x(%*), N, Maxx, Minx)

Xplgt (T; Pos_x(*), Pos_y(¥), Minx, Maxx, Miny, Max, y, N, No, F§, Ch$,
LS, Pl

X_errplot (1, zx(*), Zy(¥), Pos_x(*), Pos_y(*), Minx, Maxx, Miny, Maxy, N)

The program function plots the xy data calculated from Loran~C TDs and/or
Mini-ranger data. Four options are available:

1. Mini-ranger data only

2. Loran-C data only

3. Mini-ranger and Loran-C data
4. Error plot

The first two options allow the operator to blow-up a section of the plot, to
find the sample numbers of outliers, and to digitize up to 10 locations on the
plot. A hard copy option is provided with all four plots. The "Error plot"
plots a vector at each sample. The tail of the vector is the mini-ranger
position fix; the head (denoted by a "o") is the Loran-C position fix.

Function parameters:

Pos_x(*), Pos_Y(*) - xy position calculated from Loran-C data

Zx(¥), Zy(*) - xy position calculated from Mini-ranger data

Minx, Miny - Minimum x and y positions

Maxx, Maxy - Maximum x and y positions

T - Line type

N - Number of samples

No - Denotes first or second time data is being plotted

Ch$ - Loran-C chain, eg NEUS, SEUS, etc.

L$ - Loran-C LOPs, eg XY, WX, etc.

Pl - Plot: 1 = Mini-ranger, 2 = Loran-C, 3 = Mini-ranger and Loran-C,
4 = Error Plot

User Instructions:

Prerequisite functions: KO, K1, and K17
1. Press K18: The menu is cleared and "PLOT XY DATA" is printed on the CRT.

2. When "MINI-RANGER 1, CONVERTED LORAN-C2, BOTH3, OR ERROR PLOT4?" appears
on the display line:

a. For a plot of Mini-ranger fixes:
(1) Enter: 1
(2) Press: CONT
(3) Go to Step 3
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b. For a plot of Loran-C fixes:
(1) Enter: 2
(2) Press: CONT
(3) Go to Step 3
¢. For a plot of both Loran-C and Mini-ranger fixes:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 11
d. For an error plot:
(1) Enter: 4
(2) Press: CONT
(3) Go to Step 12

3. The xy data is plotted on the CRT. After viewing the plot:
a. Press: CONT

4. When “ZOOM: Y OR N" appears on the display line:
a. To blow up a section of the plot:
(1) Eanter: Y
(2) Press: CONT
b. If a "zoom" or further "zoom" is not wanted
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

5. When the cursor appears on the CRT, place it at the lower left-hand corner
of the area of the interest using the four directional arrow keys and press
CONT. When the cursor reappears, position it at the upper right hand corner
of the area of interest and press CONT. The selected area is replotted on the
CRT.

Go to Step 3
NOTE: The "zoom"” may be repeated several times.

6. When "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT?" appears on the
display line:

a. If the sample number of a point on the plot is desired:
(1) Enter: Y
(2) Press: CONT
b, If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 8

7. When the cursor appears on the CRT:

a. Center it on the point of interest
b. Press: CONT

The sample number and coordinates will be printed on the CRT. 1If no data is
printed, try repositioning the cursor closer to the point of interest or
replot the data and use "zoom" to blow up the area around the point of
interest.
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c. Go to Step 6
8. When "DIGITIZE?" appears in the display area:

a. If you want to digitize 1-10 points on the plot:
(1) Enter: Y
(2) Press: CONT
b; If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 10

9. When "HOW MANY? 10" appears in the display area:

a. Enter: the number of points to be digitized
b. Press: CONT

When the cursor appears on the CRT, center it over a point of interest and
c. Press: CONT

A plus sign (+) will appear over the data point and the number of points
digitized (1-10) will appear to its right. Continue the procedure until the
number of points to be digitized is complete. A list of the digitized point
coordinates is printed on the hard copy printer.

d. Go to Step 13

10. The plot will reappear on the CRT. When finished viewing the plot press
CONT.

11. The Loran-C and Mini-ranger data converted to xy position is plotted on
the CRT. The Mini-ranger data is the solid line. The Loran-C data is the
dotted line,

Go to Step 13

12, The Loran-C and Mini-ranger xy data is plotted on the CRT in the form of
a vector. The tail of the vector is the Mini-ranger position, the head is the
Loran—C position which is marked with an "o."

13. When "HARDCOPY? Y OR N" appears on the display line:

a. If a hard copy of the plot is desired:
(1) Enter: Y
{(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT

14, The function is complete. The function menu is printed on the CRT.
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Function: Plot

Along/Cross Track Data

Special Function Key: K19

Subprograms:

Hi_lo (Ct(*), N, Maxc, Minc)

Patct (At(*), Ct(*), N, Mina, Maxa, Mxnc, Maxc, Wt, Wf, F$, R, No, Data)

This program function plots cross track vs along track positionm.

options are available:

1. Mini-ranger data

2. Loran=C

data

3. Mini-ranger and Loran-C data

The plots are automatically scaled and labeled.

Function parameters:

At(*), Ct(*) - Along and cross track positiom arrays calculated from

Loran-C data

Att(*), Ctt(*) - Along and cross track position array calculated from

Mini-ranger data

N - Numbers
Maxc, Maxcc
Minc, Mince
Maxa, Maxaa
Mina, Minaa

of samples

- Maximum cross track distance
- Minimum cross track distance
- Maximum along track distance
- Minimum along track distance

Wt - Waypoint to

Wf - Waypoint from

R - Distance between waypoints
F$ - File name

Data - Plot

option: 1 = Mini-Ranger, 2 = Loran-C, 3 = Mini-Ranger and

Loran=-C

User Instructions:

Prerequisite function: K1 and/or K17

l. Press Kl19.

The program menu is cleared and "PLOT ALONG TRACK CROSS TRACK

DATAY is printed on the CRT in inverse video.

2, Wwhen "MINIRANGER1, LORAN-C2, OR BOTH3? 1, 2 OR 3" appears in the display

area:?

a. If a plot of

data is desired:

(1) Enter: 1
(2) Press: CONT
(3) Go to Step 3

the along/cross track positions computed from Mini-ranger
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b. If a plot of along/cross track positions computed from Loran~C data is
desired:
(1) Enter: 2
(2) Press: CONT
(3) Go to Step 3
c. If a plot of cross/along track positions computed from both
Mini-ranger and Loran-C is desired:
(1) Enter: 3
(2) Press: CONT
t (3) Go to Step 3

3. The along/cross track data selected is plotted on the CRT. When finished
viewing the plot:

a., Press: CONT
4, When "HARD COPY? Y OR N" appears in the display area:

a. If a hard copy of the plot is desired:
L (1) Enter: Y
p (2) Press: CONT
' b. If not:
(1) Enter: N
(2) Press: CONT

5. This function is complete. The function menu is printed on the CRT.

SS—
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Function: Predict TD

Special Function Key: K20
Subprograms:

Range (Lat, Lon, Xmit(I,1), Xmit(I,2), Range (I))

Bear (Lat, Lon, Xmit(I,1), Xmit(I,2), Bear(I))

Td (Range(*), V, Emis(%*), Td(*))

G_mat(Power(*), V, Range(*), Bear(*), Zp(*), Aa(*), G123(¥), Gl2(*),
G23(%*), Gl3(¥*))

This program function calculates predicted TDs for an input latitude,
longitude. The program also outputs range and bearing to transmitter stations
and GDOPs for the three TD and two TD fixes.,

Function Variables:

Cl - Chain flag indicates if chain data has been read into memory

Chain$ - Chain name

Xmit(*) - Transmitter positions (latitude, longitude)

Power(*) - Transmitter power

Emis(*) - Secondary emission delays

P$ - Indicates input position is a waypoint

Fl -- Waypoint table flag, indicates waypoint table has been
read into memory

Wpt(¥*) - Waypoint table

Lat,Lon - Latitude and Longitude of position of interest

D,M,S - Degrees, Minutes, Seconds

Range (*) - Ranges to transmitters

Bear(*) - Bearings to transmitters

Td(*) - Predicted TDs

Aa(*) - Gradient matrix; xy to TD

G123(*) - Three TD gradient matrix; TD to XY

Gl2(*), Gl3(*), G23(*) - Two TD gradient matrices, TD to XY

Gdop 123 ~ Three TD Geometric Dilutin of Precision (GDOP)

L Gdopl2, Gdopl3, Gdop23 - Two TD GDOPs

o Ch$ - Chain abbreviation, eq NEUS = North East United States

Conf - Indicates three TD configuration: 1 = XYZ, 2 = WXY, 3 = WXz,

I 4 = WYZ

User Instructions:

Prerequisite functions: None

1. Press K20. The program menu is cleared and "TD PREDICTION" is printed on
the CRT in inverse video.

2. When "CHAIN FILE?" appears in the display area:

(1) 1Insure that the tape cartridge containing chain data is in the
right hand tape drive
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(2) Enter: Chain file. Note: Chain files have five character
names. The first four characters denote the chain, eg NEUS
SEUS, etc. The number following the character denotes the
secondaries, eg 1 = XYZ, 2 = WXY, 3 = WXZ, 4 = WYZ

(3) Press: CONT

Note: Chain configuration data is read only once. The data is stored in
memory for further use. To change chain configuration either:

a. Press: STOP
b. Press: RUN. This clears data memory and "CHAIN FILE" will be
requested as above. All other data in memory will also be cleared
OR
a. Enter: Cl =0
b. Press: EXECUTE. This clears the flag Cl which will cause the
program to branch through the "CHAIN FILE" statement.

3. When "IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N" appears in the
display area:

a. If the point of interest is on the waypoint file:
(1) Enter: Y
(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

4, When "WP FILE NAME?" appears on the display line (see Note below)

a. Insure that the tape cartridge containing waypoint data is in the
right hand tape drive

b. Enter: Waypoint file name

c. Press: CONT

Note: This step is skipped on successive runs of this program function or if
the waypoint file has been read during a previous function.

5. When "WAYPOINT NO.?" appears on the display line:

a. Enter: the waypoint of interest
b. Press: CONT
¢c. Go to Step 8

6. When "INPUT LAT IN DEGREES, MIN, SEC" appears on the display line:

a. Enter: Latitude of position of interest (Degrees, Minutes, Seconds).

The program assumes North latitude
b. Press: CONT

7. When "INPUT LON IN DEGREES, MIN, SEC" appears on the display line:

a. Enter: Longitude of position of interest (Degrees, Minutes, Seconds).
The program assumes West longitude

b. Press: CONT
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9.

The program calculates and prints the following parameters:

a. Predicted time differences. (If a waypoint is selected, surveyed
TDs are also listed.)

b. Ranges and bearings to transmitters

c. GDOPs for the three TD and each of the two TD combinations.

The program function is complete. The program menu is printed on the CRT,
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Function: Calculate TD Grid Warp
Special Function Key: K21
Subprograms:

Cart_coord (Xmit(*), wpt (25,7), Wpt (25,8), Zxmit(¥))

Warp (X(*), Y(*), z(*), Zx(*), Zy(*), Zp(*), T(¥), Zxmit(¥), V, N, Att(¥),
R, Wt, Wf, Conf, F$)

T_errplot(A(*), B(*), C(¥), At(*), R, N, Conf, Wt, WE, F$)

This program function calculates the difference between measured TDs and TDs
projected from a nearby waypoint. This difference is termed "TD grid warp"
and is basically a measure of the change in Additional Secondary Phase Factor
(ASF) over the area where data was collected. TDs are projected from the
waypoint to the measurement point based on the difference between the measured
and waypoint positions. There is a small error in the calculation due to use
of a flat earth model for transmitter locations. This error is typically less
than 40 nanosec within 12KM of the waypoint.

Function parameters:

w(*), X(*), Y(*), Z(*) - TD data arrays

T(*) - Waypoint TDs

Xmit(*) - Transmitter geodetic coordinates

Zxmit(*) - Transmitter xy position referenced to local origin
Wpt(*) - Waypoint table

Zp(*) - Waypoint position

V - Velocity of propagation

2x(*), Zy(*) - Measured position arrays

N - Number of samples

Att(*) - Along track distance array

R - Range between waypoints

Wt, Wf - Waypoint to and Waypoint from

Conf - Chain configuration; 1 = XYZ, 2 = WXY, 3 = WXZ, 4 = WYZ
F$ - Data file name

User Instructions:

Prerequisite functions:
(1) Read Data; KO
(2) Edit Data; K16 (optional)
(3) Convert Range Data to XY Position; Kl

1. Press K21. The menu is cleared and "CALCULATE GRID WARP" appears on the
CRT in inverse video.

2. 1If "CHAIN FILE?" appears in the display line:

(1) Enter: Five character chain neumonic (eg NEUS1, GILK1l, etc.).
Insure that the tape cartridge containing the waypoint file is
in the right hand tape drive.

(1) Press: CONT
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3. The program function uses the "waypoint to" used for along/cross track
calculations in function K1 as the reference waypoint. The mean and standard
deviation of the TD errors for each TD is printed on the hard copy printer. A

plot of the smoothed TD errors for each TD is plotted on the CRT. After
viewing the plot:

a. Press: CONT

4, When "HARD COPY? Y OR N" appears on the display line:

a., If a hard copy of the plot is desired:
(1) Enter: Y

(2) Press: CONT
b. If not

(1) Enter: N
(2) Press: CONT

5. The function is complete. The CRT is cleared and the function menu is
printed on the CRT.




Function: Daisy Chain
Special Function Key: K22
Subprograma:

Cart_coord (Xmit(¥*), wpt(25,7), Wpt(25,8), Zxmit(¥))
Rb(Wpt(Rw,5), Wpt(Rw,6), Zxmit(I,1), Zxmit(I,2), Bear (I), Range (I))
: G_mat (Power(*), V, Range(¥*), Bear(*), Zp(*), Aa(*)), Gl23(*), Gl2(*),

G23(%*), Gl3(¥*))

Wp2 (Wpt(¥*), Conf, Rw, Tpp(*) Pair, Zpp(¥*), Gl2(*), G23(*), G13(%), G(¥),
L$,Zxmit(*), Zxm(*))

Wpf2 (Wpt(*), Conf, Pair, Iw, Tqq(¥*))

Wp3 (Wpt(*), Conf, Rw, Tp(*), zZpp(*), L$)

Fehg (Zxmit(*), Zpp(*), Tp(*), Tq(*), Gl23(*), zq(*), V, Nsta)

Rotate (Glat, Glon, R(*))

Cart (Plat, Plon, X, Y)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R*, Plat, Plon)

This program function calculates the position of a waypoint based on the
difference in TDs between it and a neighboring waypoint. The Flat Earth
Hyperbolic Grid (FEHG) is used to calculate position coordinates.
Differential xy coordinates, differential latitude and longitude, and range
and bearing between waypoints is also calculated. The user has the option of
inserting the calculated xy coordinates (and latitude longitude) into the
waypoint table, Wpt(*)., Note: This function does not restore the new ‘
waypoint table in magnetic tape. If this is desired, function K23 must be |
used.

st e vt it Gl el

Function variables:

Cl - Status variable which indicates if chain data has been read into
memory
Fl - Status variable which indicates if the waypoint table has been
read into memory
Chain$ - Chain file
Xmit(*), Power(*), Emis(*) - Chain variables; geodetic coordinates, power
levels, and emission delays
P Conf - Chain configuration
Ch$ - First four characters of Chain$
Wpt(*) - Waypoint table
Zxmit(*) - Transmitter xy coordinates referenced to local origin (three
TD case)
Rw - Reference waypoint (start)
Iv - Waypoint of interest (stop)
Bear(*), Range(*) - Bearings and ranges to transmitters
Zpp(*), Zp(*) - Reference waypoint position 1
V - Velocity of propagation ‘
Aa(*), G123(*), Gl2(*), G13(*), G23(*) - gradient matrices
| Zxm(*) - Transmitter xy coordinates referenced to local origin
(two TD case)
So - Indicates two or three TD solution of FEHG
Tpp(*), Tp(*) - Two and three TD waypoints (start)
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Tqq(*), Tq(*) - Two and three TD waypoints (stop)

Nsta - Number of secondary stations used in FEHG computations
Pair - TD pair (two TD case)

G(*) - Gradient matrix associated with TD pair (Pair)

L$ - Lops e.q. "XYZ," "XY," "XZ," etc.

2q(*) - Waypoint of interest x, y position

Zxx(*) - Dummy position array

Dx, Dy -~ Difference in xy position of waypoints

Dlat, Dlon ~ Difference in latitude, longitude of waypoints
Lat, Lon - Computed latitude, longitude of waypoint

A - Angle between waypoints

R - Range between wayopints

User Instructions:

Prerequisite functions: assumes a waypoint file has been created and it

contains TDs for the two waypoints and xy positions for the reference waypoint.

1.
CRT

2.

4,

6.

Press K22, The program menu is cleared and "DAISY CHAIN" appears on the
in inverse video.

1f "CHAIN FILE?" appears in the display line:

(1) Enter: Five character chain file (e.g. NEUS2, GTLKl, etc.)
Insure that the tape cartridge containing the file is in the
right hand tape drive.

(2) Press: CONT

If "WP FILE?" appears in the display area:

a. Enter: Waypoint file name. Insure that the tape cartridge containing
the waypoint file is in the right hand tape drive.
Press: CONT

When "INPUT START WAYPOINT NO," appears in the display area:

a. Enter: Start or reference waypoint
b. Press: CONT

When "END WAYPOINT" appears in the display area:

a. Enter: Waypoint of interest
b. Press: CONT

When "TWO OR THREE TD SOLUTION, 2 OR 3" appears in the display area:

a. 1f a three TD solution is desired:
(1) Enter: 3
(2) Press: CONT
(3) Go to Step 8

b. If a two TD solution is desired
(1) Enter: 2
(2) Press: CONT
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7. When "INPUT TD PAIR; XYl, X22, XY3" appears in the display area:
(The choice of TD pairs depends on the chain configuration, e.g. if Conf = 2,
the choices are WX, WY, XY)

a. Enter: Number corresponding to TD pair desired
b. Press: CONT

8. A table is printed on the hard copy printer which contains the following
information:

a. the chain and lops used to calculate the waypoint position

b. the number of the waypoint used as the origin of the local grid

ce. the two waypoints numbers

d. the differential xy positions and differential latitude, longitude

e. the angle and range between waypoints

f. the projected waypoint position coordinates based on the waypoint TDs
g. the current values of the waypoint position coordinates

9. When "CHANGE POSITION AND LAT/LON OR WAYPOINT OF INTEREST? Y OR N"
appears on the display line: '

a. If you want to change the values
(1) Enter: Y
(2) Press: CONT. Note: the values will be changes in the waypoint
table, but not on magnetic tape. Function K23 must be used to
restore the table on tape.
(3) "“WAYPOINT TABLE CHANGED" is printed on the hard copy printer.

10. The program function is complete. The CRT is cleared and the program
menu is printed.
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Function: Waypoint File
Special Function Key: K23
Subprograms:

Wpfile (Wpt(*), P1, File$)

This program function is used to create waypoint table files and to edit and
restore waypoint table files. It can also be used to obtain a listing of the
waypoint table. The waypoint table is a 25X8 matrix. The first four columns
contain waypoint TD values (TDW, TDX, TDY, TDZ). Columns five and six contain
the xy position referenced to the local origin. Columns seven and eight
contain the latitude and longitude in decimal degrees. Waypoint 25 (e.g. row
25) is designated as the local origin. The latitude and longitude stored in
this location is used by any program function which calculates the local xy
coordinates of the transmitters. If the local origin is also one of a
sequence of waypoints, its parameters will be stored twice, i.e. in row 25 and
in the row corresponding to its logical waypoint number.

Function Variables:
Wpt(*) - Waypoint table
File$ - Waypoint file name

Fl - Indicates if the waypoint file name has been previously entered

User Instructions:

Prerequisite functions: None

1. Press R23. The program menu is cleared and "FILE WAYPOINT DATA" appears
on the CRT in inverse video.

2. If "WAYPOINT FILE NAME?" appears on the display line:

a. Enter: File name (6 characters or less)
b. Press: CONT

When "DOES THIS FILE CURRENTLY EXIST ON TAPE? Y OR N" appears in the display
area:

¢. Insure the tape cartridge which contains or is to contain the waypoint
table is in the right hand tape drive.
d. If the file currently exists:
(1) Enter: Y
(2) Press: CONT
e. If not:
(1) Enter: N
(2) Press: CONT
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3.

4.

7.

When "WAYPOINT NUMBER?" appears in the display area:

a. Enter:
b. Press:

Waypoint number
CONT

When "INPUT OR CHANGE TDs? Y OR N?" appears in the display area:

a., If you want to input or change TDs OR if you want to observe the TDs
currently in the table:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 5
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

When "TDW, TDX, TDY, TDZ?" appears on the display line:

a. 1f you want to observe what values are currently stored for the
waypoint selected '
(1) Press: CONT
The current values will be printed on the hard copy printer.
b. If you want to enter new values or change an old value:
(1) Enter: Td values for TDW, TDX, TDY, and TDZ separated by commas.
All TDs must be entered. If a value is unknown (or a don't
care), enter a 0 in the proper location.
(2) Press: CONT
The TD values entered will be printed on the hard copy printer.
Errars can be corrected in step 10.

When "INPUT OR CHANGE XY POSITION? Y OR N" appears on the display line:

a. If you want to input or change the waypoint xy position OR observe the
current value:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 7
b, 1If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 8

When "XY POSITION? E,N" appears in the display area:

a. If you want to observe the current value:

(1) Press: CONT

The waypoint xy position is printed on the hard copy printer.
b. If you want to change or store new data:

(1) Enter: X position, Y position in kilometers

(2) Press: CONT

The waypoint xy position is printed on the hard copy printer.
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ﬁ 8. When "INPUT OR CHANGE LAT/LON?" appears on the display line:

a. If you want to input or change the waypoint latitude and longitude
OR observe the current values:
(1) Enter: Y
(2) Press: CONT
(3) Go to Step 9
bo If not:
: (1) Enter: N
(2) Press: CONT

i
|
L
E , (3) Go to Step 10
1
E , 9., When "LAT,LON?" appears on the display line:
i
| a. If you want to observe the current value in the table
(1) Press: CONT
The waypoint latitude and longitude are printed on the hard copy
‘ printer.
i ' b. 1If you want to input or change the waypoint latitude and longitude
(1) Enter: Latitude, longitude. Units are degrees, minutes, seconds
E North latitude and West longitude are positive.
5 (2) Press: CONT
4
4

10. When "ANOTHER WAYPOINT? Y OR N" appears on the display line:

a. {ou want to enter data for another waypoint OR correct data entered:
Enter:

; (2) Press: CONT
: (3) Go to Step 3

,; . b. If not:

i' (1) Euter: N

f : (2) Press: CONT
t

i

H

11, When "LIST WAYPOINT FILE? Y OR N" appears on the display line:

a., If you want a listing of the waypoint table:
(1) Enter: Y

(2) Press: CONT

‘ The waypoint table is printed on the hard copy printer.
3 b. 1If not:

¥

P (1) Enter: N
P (2) Press: CONT
13

; 12. When "FILE DATA?" appears on the dispiay line:

e |

a. If you want to store or restore the waypoint table on magnetic tape.
(1) 1Insure the tape cartridge used to store the waypoint is in the

: right hand tape drive
’ (2) Enter: Y
(3) Press: CONT
| b If not:
! (1) Enter: N
i (2) Press: CONT
, .
|

13. The program function is complete. The CRT is cleared and the program
menu is reprinted.

B-44

R e e




Dt A AR L A S it L S e aiouad s P S L

Function: TD MOVE
Special Function Key: K24
Subprograms:

Cart_coord (Xmit(%*), Wpt(25,7), Wpt(25,8), Zxmit(*))

Rb (Zp(1), Zp(2), Zxmit(I,1) Zxmit(I,2), Bear(I), Range(I))
Rotate (Glat, Glon, R(¥))

Cart (Plat, Plom, X, Y)

FNGlat (Lat, F)

Pseudo (Glat, Glon, R(%))

This program function calculates the change in TD from a waypoint to a
position offset from the waypoint. This offset in waypoint position and TD
may be applied to the waypoint table. The change in TDs is calculated based
on the change in distances to the transmitters.

Function Variables:

Cl - Status variable which indicdtes if chain data has been read into
memory

Fl - Status variable which indicates if the waypoint table has been
read into memory

Chain$ - Chain file, e.g. NEUS1, GTLK2, etc.

Ch$ - First four characters of Chain$

Conf - Chain configuration, fifth character of Chain$, 1 = XYZ, 2 = WXy,
3 = W2Z, 4 = WYZ

Xmit(*), Power(*), Emis(*) - Transmitter data: geodetic position, power
level, emission delay

Wpt(*) - Waypoint table

Wp - Waypoint of interest

Move - Indicates if change in position is to be input as dx, dy or

range/bearing

Dx, Dy - Offset in x and y direction from waypoint

R, B - Range and bearing of offset position from waypoint

Zp(*) - Waypoint position and offset position

Zxmit(*) - xy coordinates of transmitters relative to local origin

Bear(*), Range(*) - Ranges and bearings to transmitters

T(*) - Variable to store intermediate calculations and TD offsets

File$ - Waypoint file name

Cor$ - Input variable which indicates if the offset is to be applied as a
correction to the waypoint TD in the waypoint table

User Instructions:

Prerequisite function: none., It is assumed that a waypoint file exists.

1, Press K24, The program menu is cleared and “"MOVE: CALCULATES
Tdq = Tdp+h(2q)-h(Zp)" appears on the CRT.

2. If "CHAIN FILE?" appears on the display line:

(1) Insure tape containing chain file is in right hand tape drive
(2) Enter: Chain file (e.g. NEUS2, GTLK1)
(3) Press: CONT
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3. If "WAYPOINT FILE?" appears on the display line:

a. Insure the tape cartridge containing the waypoint file is in the right
hand tape drive.

b. Enter: Waypoint file name

ce Press: CONT

4. When "WAYPOINT?" appears on the display line:

: a. Enter: Waypoint of interest
b. Press: CONT

5. When "Dx/Dy 1 OR RANGE/BEARING 2, 1 OR 2" appears on the display line:

a. If the offgset is to be applied in x and y components:
(1) Enter: 1 :
- (2) Press: CONT
. (3) Go to Step 6
‘ b, If the offset is to be applied as a range and bearing from the
T waypoint: '
4 (1) Enter: 2
(2) Press: CONT
(3) Go to Step 8

i ; 6. When "INPUT DX (KM)" appears on the display line:

2 | a. Enter: x direction component of the offset in KM
R E b. Press: CONT

1
a' 7. When “INPUT DY (KM)" appears on the display line:
i
i” ‘ a. Enter: y direction component of the offset in KM
v b. Press: CONT
c. Go to Step 9
8. When "RANGE (KM) AND BEARING (DEG)" appears on the display line:
; a. Enter: The range in KM and the bearing in degrees separated
. by a comma
- b. Press: CONT 4
f @ 9. The effect of offsetting the waypoint on the TDs corresponding to the
: g chain configuration will be printed on the hard copy printer.
x
- 10. When "APPLY CORRECTION TO WP? Y OR N" appears on the display line:
i a. If you want to change the waypoint parameters to the offset positiom:
| (1) Enter: Y
i (2) Press: CONT. (Note: This step does not change the waypoint
1 | data stored on magnetic tape. See K23.)
A (3) "WAYPOINT TD AND POSITION CORRECTED" is printed on the hard
b copy printer.
C b. If not:
| (1) Enter: N

P (2) Press: CONT




11, The program function is complete. The CRT is cleared and the program *
menu reprinted.
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Function: Link Data Files
Special Function Key: K25
Subprograms:

Link (W(*), X(*), Y(*), z(*), R1(*), R2(*), U$(*), N, F$)
Store (W(*), X(*), Y(*), Z(*), R1(*), R2(*), U$(*), N, F$)

This program function enables multiple data files to be loaded into memory.
Range and TD data can be corrected for each file entered. The total number of
samples must be equal to or less than 400. The function will automatically
ignore any samples which would cause this limit to be exceeded.

Function Variables:

W(*), X(*), Y(*), Z(*) - TD data arrays

R1(*), R2(*) - Miniranger data arrays

U$(*) - Time (Julian day:hours:min:sec) data array
N - Total number of samples

F$ - Final file name

User Instructions:

Prerequisite functions: none

1. Press K25. The program menu is cleared and "iINK DATA FILES" is printed
on the CRT.

2. When "FIRST FILE NAME?" appears on the display line:

a. Enter: File name
b. Press: CONT

3. When "CURRENT FILE = (Current file)" and "CORRECT RANGE DATA? Y OR N"
appears in the display area:

a. 1If range data is to be corrected
(1) Enter: Y
(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 6

4. When "CORRECTION TO R1(METERS)" appears on the display line:

a. Enter: Correction to Rl data in meters
b. Press: CONT

5. When "CORRECTION TO R2(METERS)" appears on the display line:

a. Enter: Correction to R2 data in meters
b. Press: CONT
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The current file name and corrections are printed on the hard copy printer.
The file name is annotated with an "r",

6. When "CORRECT TD DATA?" appears on the display line:

a. If TD data is to be corrected:
(1) Enter: Y
| (2) Press: CONT
b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 11

7. The start and stop time for the data collected on the current data file
are printed on the hard copy printer. When "CORRECTION TO TDW(MICROSEC)?"
appears on the display line:

a. Enter: Correction to TDW in microsec.
b. Press: CONT

. i
8. When "CORRECTION TO TDX(MICROSEC)?" appears on the display line: i

a. Enter: Correction to TDX in microsec.
b. Press: CONT

9. Wnen "CORRECTION TO TDY(MICROSEC)?" appears on the display line:

‘W a. Enter: Correction to TDY in microsec.
) ' b. Press: CONT

'_‘ 10. When "CORRECTION TO TDZ(MICROSEC)?" appears on the display line:
, a. Enter: Correction to TDZ in microsec.
b. Press: CONT '
The file name is annotated with a "t" and the corrections entered are printed
on the hard copy printer.

! ‘ 11. A list of tne files linked and total number of samples is printed on the
' CRT. When "ANOTHER FILE?" appears on the display line:

a. If another data file is to be entered:
(1) Enter: Y
(2) Press: CONT
b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 13

12, When "FILE NAME?" appears on the display line:
4. “nter: file name

; b. .ress: CONT
‘ c. Go to Step 3




13. A final list of the files linked and total number of samples is printed
on the hard copy printer. When "STORE DATA SET?" appears on the display line:

a. If you want to store the data on a new file
(1) Enter: Y
(2) Press: CONT
b. If not
(1) Enter: N
(2) Press: CONT
(3) Go to Step 15

14. When "FILE NAME?" appears on the display line

a. Insert a tape cartridge in the left hand tape drive.
b. Enter: file name
c. Press: CONT

15. If the data is not stored on tape, the file name will be the list of
files linked. If the data was stored, the file name returned is the name used
to store the data. )

; , 16, The program function is complete. The CRT is cleared and the program
i menu reprinted.
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Function: Store Loran-C Chain Data
Special Function Key: K26
Subprograms: None

This program function stores Loran-C chain data (transmitter geodetic
positions, transmitter power levels, and secondary emission delays) on a data
file for later use. File names are a five character neumonic for the
particular Loran-C chain. The first four characters are an abbreviation for
the chain (e.g. NEUS, SEUS, GTLK, etc.). The fifth character is a number from
1 to 4 which designates the configuration of three TDs: 1 = XYZ, 2 = WXY,

3 = WXZ, 4 = WYZ.

Function variables:

Chain$ - Five letter chain file
Conf ~ Chain configuration, fifth character in Chain$

D,M,S - Input variables for degrees, minutes, secondaries when entering
latitude or longitude

Power (*) - Transmitter power levels. P(1), P(2), and P(3) are secondary
transmitters. P(4) is the master transmitter.

Xmit(*) - Transmitter geodetic positions. Xmit(4,1) and Xmit(4,2) are
master latitude and longitude

Emit(*) - Secondary emission delays

L1$, L2$, L3¢ ~ Labels for secondaries, e.g. "TDX"

C$ - Input variable to indicate if data entered is correct

User Instructions:

Prerequisite functions: None

l. Press K26, The program menu is cleared and "“STORE CHAIN DATA" is printed
on the CRT.

2. "PLACE TAPE CARTRIDGE IN RIGHT HAND TAPE DRIVE" is printed on the CRT.
When "INPUT CHAIN FILE NAME" appears on the display line:

a. Enter: File name. The file name is a five character neumonic for the
chain of interest. It is important that it be five characters long.
The first four characters are an abbreviation for the chain name. Any
convenient four letter code is acceptable. The fifth character must be
an integer from 1 to 4, The number designates the secondary data to be
stored (1 = XYZ, 2 = WXY, 3 = WX2, 4 = WYZ) in the first three rows of
Xmit(*), Power(*) and Emis(*).

b. Press: CONT

Note: If the file name is not a valid name, "INPUT CHAIN FILE NAME" will be
repeated.




3. When "INPUT MASTER DATA" and "MASTER LATITUDE? D,M,S" appears in the b
display area: )

a. Enter: master latitude degrees, minutes, seconds (entries separated by
commas). North latitude is assumed.
b. Press: CONT

4, When "INPUT MASTER LONGITUDE? D,M,S appears in the display area:

a. Enter: master longitude in degrees, minutes, seconds (separated
by commas). West longitude is assumed.
b. Press: CONT

5. When "POWER LEVEL? KW" appears on the display line:

a. Enter: power level of master in kilowatts.
b. Press: CONT

6. The following sequence of input statements will have different secondaries
listed depending on the configuration. The statements below are for Conf = 1
(e.g. XYZ). The portion of the statement contained within parentheses are for
configurations 2, 3, and 4, respectively.

When "INPUT TDX (TDW,TDW,TDW) DATA" and “LATITUDE? D,M,S" appears in the
display area:

a. Enter: secondary X (W,W,W) latitude in degrees, minutes, seconds
b. Press: CONT i

7. When "LONGITUDE? D,M,S" appears in the display area:

a. Enter: secondary X (W,W,W) longitude in degrees, minutes, seconds
b. Press: CONT :

V*P—FS e o T

8. When "POWER LEVEL? KW" appears in the display area:

a. Enter: secondary X (W,W,W) power in Kilowatts
b. Press: CONT

S . ———rn

9. When "EMISSION DELAY?" appears on the display line:

a. Enter: secondary X (W,W,W) emission delay
b. Press: CONT

10. When "INPUT TDY (TDX,TDX,TDY) DATA" and "LATITUDE? D,M,S" appears in
1 the display area:

a. Enter: secondary Y (X,X,Y) latitude in degrees, minutes, seconds
b. Press: CONT
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11. When "LONGITUDE? D,M,S" appears on the display line:

a. Enter: secondary Y (X,X,Y) longitude in degrees, minutes, seconds
b. Press: CONT

12, When "POWER LEVEL? KW" appears on the display line:

a. Enter: secondary Y (X,X,Y) power level in kilowatts
b. Press: CONT

13, When "EMISSION DELAY?" appears on the display line:

a. Enter: secondary Y (X,X,Y) emission delay
b. Press: CONT

14, When "INPUT TDZ (TDY,TDZ,TDZ) DATA" and "LATITUDE? D,M,S" appears in the
display area:

a. Enter: secondary Z (Y,Z,Z) latitude in degrees, minutes, seconds
b. Press: CONT

15. When "LONGITUDE? D,M,S" appears on the display line:

a. Enter: secondary Z (Y,Z,Z) longitude in degrees, minutes, seconds
b. Press: CONT

16. When "POWER LEVEL? KW" appears on the display line:

a. Enter: secondary Z (Y,Z,Z) power level in kilowatts
b. Press: CONT

17. When "EMISSION DELAY?"” appears on the display line:

a. Enter: secondary Z (Y,2,Z) emission delay
b. Press: CONT

18. A table is printed on the CRT of the data entered. When "IS DATA
CORRECT? Y OR N" appears on the display line:

a. If the data is correct:
(1) Ensure a tape cartridge is in the right hand tape drive
(2) Enter: Y
(3) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 3

19. The program function is complete. The CRT is cleared and the program
menu is printed on the CRT.
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Function: Reflect TDs to Waypoint
Special Function Key: K27

Subprograms:

Cart coord(Xmit(*), Wpt{(25,7) wpt(25,8) Zxmit(*))

Reflect): (W, wpt(*), W(*), X(*), Y(¥), 2(*), zx(*), 2y(¥), Conf, Zxmit(¥),
N, V

Rotate (Glat, Glon, R(¥*))

Ccart (Plat, Plom, X, Y)

FNGilat (Lat, F)

Pseudo (Glat, Glon, R(*), Plat, Plon)

Rb (xl, yl, x2, y2, B, R)

This program function reflects each TD sample to the waypoint selected based
on the position of the measurement relative to the waypoint. The resultant
data arrays are averaged to produce an estimate of the waypoint TDs.

Function variables:

Fl- status variable which indicates if the waypoint table is in memory
Chain$ - chain file name
Ch$ - first four characters if Chain$
Conf - chain configuration, fifth character in Chain$
} Xmit(*), Power(*), Emis(*) - transmitting station parameters:
position, power level and emission delay
Wpt(*) - waypoint table
File$ - waypoint file name
Zxmit(*) - transmitter xy coordinates referenced to local origin
W - waypoint of interest
W(*), X(¥*), Y(*), 2(*) - TD data arrays
Zx(*), Zy(*) - measurement position coordinates calculated from Miniranger |
i

data
N ~ Number of samples
V ~ Velocity of propagation
F$ - data file name

{
3 ; Cl - status variable which indicates if chain data is in memory

geodetic

User Instructions:

Prerequisite functions:

KO -~ Read Data
K16 - Edit Data (Optional)
Kl ~ Calculate XY Position from Range Data

1. Press K27. The CRT is cleared and "REFLECT TDs TO WAYPOINT" is printed on

the CRT.

! 2, 1If "CHAIN FILE?" appears on the display line:

(1) Enter: Chain file name
(2) Press: CONT
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3. 1If "WAYPOINT FILE NAME?" appears on the display line:

a. Enter: waypoint file name
b. Press: CONT

4. When "WAYPOINT WHERE DATA IS TO BE REFLECTED?" appears on the display line:

a., Enter: waypoint number
b, Press: CONT

5. The data file name is annotated with a right bracket symbol and "RESULTS
OF REFLECTING FILE (F$) TDS TO WAYPOINT (W)" is printed on the hard copy
printer followed by the statistics table generated by function K2.

6. The program function is complete. The CRT is cleared and the program menu
is reprinted on the CRT.

Note: The data contained in the TD arrays (W(*), X(*), Y(*), Z(*))) has been
changed.
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Function: Create or Read Reference Station File
Special Function Key: K28

Subprograms:

Ref-file (Ref(*), Ref$(*¥), F2, Rp$)

This program function is used to store reference station coordinates on a file
for use in converting range data to xy coordinates.

Function variables:

Ref(*) - reference station table. Rows 1 and 2 contain the state plane or
local coordinates of the two reference stations. Row 3 contains
the coordinates of the local origin.

Ref$(*) - reference station identifiers

Rp$ - reference station file name

User Instructions:

Prerequisite functions: None

Press K28. The CRT is cleared and “CREATE OR READ REFERENCE STATION FILE"
printed on the CRIT.

When "REFERENCE POSITION FILE NAME?" appears on the display line:

a. Enter: file name
b. Press: CONT

When "DOES THIS FILE CURRENTLY EXIST ON TAPE?" appears on the display line:

a., If the file has been previously created:
(1) Ensure the tape cartridge is in the right hand drive
(2) Enter: Y
(3) Press: CONT

b. If not:
(1) Ensure the tape cartridge is in the right hand drive
(2) Enter: N
(3) Press: CONT

When "NEW OR ADDITIONAL DATA? Y OR N" appears on the display line:

a. If data is to be entered:
(1) Enter: Y
(2) Press: CONT
1f not:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 9




T i e
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5.

6.

9.

10.

11.

When "REFERENCE NO? 1-3" appears on the display line:

a. Enter: reference station number, Numbers 1 and 2 are for the two
reference stations. Reference number 3 is the local origin.
b. Press: CONT

When "LABEL?" appears on the display line:

a. Enter: reference station identifier
b. Press: CONT

When "X-POSITION?" appears on the display line:

a. Enter: the X(East) position of the reference station in KM with

respect to the local origin or the state plane coordinates in KM.
b. Press: CONT

When "Y-POSITION?" appears on the display line:

a. Enter: the Y(North) position of the reference station in KM with

respect to the local origin or the state plane coordinates in KM.
b. PressP CONT

c. Go to Step 4
When "LIST DATA?" appears on the display line:

a. If you want a list of the reference station data:
(1) Enter: Y
(2) Press: CONT. The reference station data is printed on

the hard copy printer.
b. 1If not:

(1) Enter: N
(2) Press: CONT

When "FILE DATA?" appears on the display line:

a. If you want to file the data:
(1) Enter: Y
(2) Press: CONT
b. If not:
(1) Enter: N
(2) Press: CONT

The program function is complete. The CRT is cleared and the program

menu is reprinted.
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Program COMPAR Subroutines

Name Starting Line NO Program Functions
Bear Tﬁ%lo K20
Cart 21750 K17,21,22,24,27
Cart_coord 22750 K17,21,22,24,27
! Compar 26180 K3
Ct_at 13970 K1,17
Delete 14990 K16
Delete blok 17560 K16
Delete_rg 22380 K16
‘ Delete_td 17980 K16
Dif 18900 K3
Fehgt 12550 K17,22
FNGlat 21900 K17,21,22,24,27
, G_mat 11150 K17,20,22
' Hi_lo 9360 K2,3,5,18,19,21
Link 15750 ) K25
Patct 14240 K19
Plot 9440 K4
Plot_err 19130 K3 .
Position 18830 K1 !
Print 9040 K1,K2
Pseudo 21410 K17,21,22,24,27
Range 10860 K20
Rb 25510 K17,22,24
i 1 Read 15400 KO
Ht Ref file 21960 K28
2' Reflect 26470 K27
Q' Reg 8710 K1,2,17
A Rotate 21600 K17,21,22,24,27
H Rplot 9760 KS
- Stat_mat 16570 K1,2,3,17,21 ]
3 Store 17130 K16,25
. Td 11670 K20
{ Td2 24650 K17
1 Td3 23440 K17
g | T errplot 20500 K21
| Track 18400 K17
§ ! Triangle 18600 K1
- Warp 19800 K21 |
i Wpfile 12030 K23 ;
| Wpf2 25110 K17,22 ?
y wp2 23770 K17,22 “
: Wp3 23030 K17,22
o X_errplot 19500 K18
. Xplot 13130 K18
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1 ! COMPARE PROGRAM

2 ! 10 APRIL 1982
3 !
10 OPTION BASE &

' 20 DEG

30 DIM W(400),X(400),Y(400),ZCA00),R1(400),R2(400),Us(400)144)
40 DIM P(4),0_set(4),5tat(4,4),Cov(3,6),5(4,6),R(3,6),0(4)
S0 DIM S1(4,6),52(4,6),Wp(4,6),Wpt(25,8),T(3),Zd(2),F$LB0)
60 DIM Xmit(4,2),Emis(3),Bear(4),Range(4),Td(3),Power(4),6123(2,3),612(2,2
)
70 DIM G13(2,2),G23(2,2),Zxmit(4,2),Zp(2),Aa(3,2),Pos_x(400) ,Pos_y(400),Tp
(3,1),Tq(3,1)
80 DIM Zq(2,1),Zpp(2,41),At(400),CtC400),Tpp(2,1),Tqq(2,1),2qq(2,1)
90 DIM Zx<(400),2y(400),Zb(2),Rotate(3,3),6x(4,2),Px(4,2),Axy(2,2)
100 DIM Tw(2),Zm(2),Zt(2),Ref$(3) ,Ref(3,2),At1(A400),Ctt(400) l
410 DIM Zxx(2,1),Zxm(3,2),6(2,2)
120 V=,299792458/4. 000338
130 F=,00335278
230 !
250 Keys: 1
! 260 ON KEY #0 GOTO KO
v 270 ON KEY #% GOTO K14
280 ON KEY #2 GOTO K2
290 ON KEY #3 GOTO K3
g 300 ON KEY #4 GOTO K4
IR 340 ON KEY #5 GOTO KS
‘ 320 ON KEY #46 GOTO Kié
1 330 ON KEY #1417 GOTO Ki7
' 340 ON KEY #18 GOTD Ki8
350 ON KEY #19 GOTO Ki9
360 ON KEY #20 GOTO K20
1 370 ON KEY #21 GOTO K2%&
7 380 ON KEY #22 GOTO K22
L 390 ON KEY #23 GOTO K23
i 400 ON KEY #24 GOTO K24
! 440 ON KEY #25 GOTO K2S

- 420 ON KEY #26 GOTO K26
! 430 ON KEY #27 GOTO K27
£ 440 ON KEY #28 GOTO K28
i 450 Menu: !
; 460 MASS STORAGE IS ":TiS"
- 470 PRINTER IS 16
: - 480 PRINT PAGE
490  PRINT * AUGMENTED SURVEY: ANALYSIS 2
S00 PRINT "KO:READ TRACKLINE FILE DATA"
S40 PRINT "K41:CONVERT RANGE DATA TO XY POSITIONS®
S20 PRINT "K2:STATS AND REGRESSION OF TD DATA"
: S30 PRINT “K3:COMPARE MINI-RANGER AND LORAN-C XY POSITIONS®
’ S40 PRINT "K4:PLOT TD DATA WITH REGRESSTON LINE*
: S50  PRINT "KS:PLOT RESIDUALS OF TD DATA"®
560 PRINT "K$6:EDIT DATA"
_ S70  PRINT "K47:CONVERT TDs TO XY AND AT/CT*
i 580 PRINT "K1iB:PLOT XY DATA"
i 590 PRINT "K19:PLOT AT/CT DATA®
PRINT *"K20:PREDICT TD"




#
L2
e A S A AT SR
h

610
620
630
640
650
660
670
680

PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT
PRINT

“K24 :CALCULATE TD GRID WARP"

“K22:DAISY CHAIN WAYPOINTS®

“K23:FILE OR READ WP DATA"

“K24:TD MOVE"

*K2S:LINK DATA FILES®

K26 :STORE CHAIN DATA"

"K27:REFLECT TDS TOQ WAYPOINT"

“K28:FILE OR READ REFERENCE STATION DATA®

690 Loop: GOTO Loop
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740 KO » READ DaAaTAH FILLE

720 PRINT PAGE :
730 PRINT * READ DATA FILE " |
740 MASS STORAGE 1S “:1Ti4"

750 PRINTER IS 0 ’ |
760 FIXED 2 ?
770 CALL Read(WOk) ,XC(K),Y(K),Z(X) ,R4(X) ,R2(%) ,Us(X),N,F$) 1
780 PRINT “"FILE=";F$;TAR(30); "SAMPLES="}N ‘
790 Range$="N" ]
800 INPUT "CORRECT RANGE DATA?,Y OR N*,Range$ :
810 IF Range$="N" THEN Td_cor !
8210 INPUT "CORRECTION TO Ri1(METERS)?",Ric

830 INPUT "CORRECTION TO R2(METERS)?",R2c

849 PRINT "R4 CORRECTION=";Ric;TAE(30);"R2 CORRECTION=";R2c

850 FOR I=1 TO N

‘ 860 RIi(I)=Ri(I)+Ric

) 870 R2(I)=R2(I)+R2c

880 NEXT I

890 F$=F&$&"p" N
900 Td_cor: )

910 Td_cor$="N"

920 INPUT "“CORRECT TDs? Y/N",Td_cor$

230 IF Td_cor$¢(>"Y" THEN Menu

?40 PRINT "START TIME=";U$(1);TAB(30);"STOP TIMFE=";US$(N)

950 INPUT “CORRECTION TO TODW(MICROSEC)?",Wcor

960 INPUT "CORRECTION TO TDX(MICROSEC)>?",Xcor

970 INPUT “CORRECTION TO TDY(MICROSEC)>?",Ycor

980 INPUT "CORRECTION TO TDZ(MICROSEC)>?",Zcor

990 FOR I=4 TO N

1000 WCId=W(I)+Wcor

1040 XCI)=X(I)+Xcor

1020 Y(I)=Y(I)+Ycor

1030 Z(I)=Z(1)+Zcor

1040 NEXT 1

1050 PRINT "TD CORRECTIONS:";TAB(20);"Wcor=";Wcor ;TAK(35);"Xcor=";Xcor;TA
B(S0);"Ycor=";Ycor ; TAEK(6S); "Zcor=";Zcor

1060 Fe=Fs$a"t"

! 1070 GOTO Menv .
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4400 K3 ! ~ CONVERT RANGES T0O XY

1110 PRINT PAGE
1120 MASS STORAGE IS ":T4S"
1136 FIXED 4
' 1140 PRINT * CONVERT RANGES TO XY POSITION *
1450 PRINTER IS 0
1160 INPUT "POSITION REFERENCE FILE NAME?",Rp$
1470 PRINT "POSITION REFERENCE FILE NAME=";Rp$
1180 PRINTER IS 16
1190 ASSIGN %4 TO Rp$%
1200 READ $1;Ref$(%),Ref(X)
1210 PRINT “REFERENCE POSITIONS:"
1220 FOR I=1 TO 2
1230 PRINT I,Ref$(I),Ref(I,1),Ref(1,2)
1240 NEXT I
1250 PRINT "LOCAL GRID ORIGION:"
1260 PRINT "3“,Ref$(3),Ref(3,1),Raf(3,2)
1270 Zb(1)=Ref(i,1)-Ref(3,1)
1280 2Zb(2)=Ref(4i,2)-Ref(3,2)
; 1290 Zc(1)=Ref(2,1)-Ref(3,1)
; 1300 Zc(2)=Ref(2,2)-Ref(3,2)
: 1310 ! CALCULATE RANGE AND BEARING BETWEEN REF POINTS
1320 R=SHOR((Zc(1)-Zb(1))*2+(Zc(2)~-Zb(R))*2) 1
1330 Alpha=ATN((Zc(1)-Zb(1))/(Zc(2)=-Zb(2)))
£ 1340 IF Zc(2)-Zb(2)<0 THEN Alpha=Alpha+180
2R3 1350 IF Alpha(0 THEN Alpha=Alpha+360

: $360 PRINT “RANGE=";R,"“BEARING=";Alpha
?{ 1370 Point=t

1380 INPUT "1IS Ri AT POINT B4 OR C27 4 OR 2",Point
1390 Points="B" f
1400 1IF Point=2 THEN Point¢$="C" |
14140 PRINT "Ri TRANSPONDER IS AT POINT ";Points ‘
; 1420 MAT Zx=(0)
, 1430 MAT Zy=(0)
: 1440 Sign=i
1441 INPUT YENTER SIGN, +4 OR -4",5ign
1442 Q=0 I
.o 1443 INPUT "DATA *SAMPLE TO CHANGE SIGN",Q 1
E 14450 PRINT "CONVERTING DATA"
1460 FOR I=4 TO N
1461 IF I=Q THEN Sign=-8Sign
1470 1IF Point=i THEN Rc=Ri(I)
: 1480 IF Point=1 THEN Rb=zR2(I)
i 1490 1IF Point=2 THEN Rc=R2(I)
! 1500 IF Point=2 THEN Rb=RIi(I)
‘ 1540 CALL Triangle(R,Rb/4000,Rc/4000,A,R,C)
1520 DISP I,A
1530 CALL Position(Zb(x),Alphn,Rc/1000,8ign,E,Zx(1),Zy(I))
1S40 NEXT I
1550 PRINTER 1S 0O
1560 CALL Stat_mat(Ri(%) ,R2(X),Zx(X),Zy(X),S5tat(X),Cov(k),0_set(Xx),N)
1570 CALL Reg(Stat(x),Cov(x),S5(x),R(X),0_sat{x))
1580 CALL Print(Stat(x),0 _set(Xx),Cov(X),R(X),N,2)
1590 1IF Fi THEN 1640

J——
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1600
1640
1620
1630
1640
1650
1660

INPUT "WAYPOINT FILE NAME?",File$
ASSIGN &1 TO File$
READ #4;Wpt(X)
Fi=1
INPUT "WAYPOINT TO?",uWt
INPUT "WAYPOINT FROM?",Wf
CALL Ct_at(Zx(X),Zy(k),Ctt(x),AtT(X),Wpt(We,S),Wpt(Wt,5),Wpt(WF,S), W

pt(Wf,6),N,R,Angle)
1670
1690

GOTO Menu
!

]




AZ700 Kz 0 -~ STATE AND REGRESSITION

1740
1720
: 1730
. 1740
: 1750
1760
1770
, 1780
! 1790
\ 1800
1810
ME=";U$
: 1820
! 1830
1840 !

o

MASS STORAGE IS “:Ti14"

PRINT PAGE ‘

PRINT " STATISTICS AND REGRESSION OF TD DATA *
PRINTER IS 0

CALL Hi_lo(W(X),N,Buw,Lw)

CALL Hi_lo¢(X(%),N,Bx,Lx) !
CALL Hi_lo(Y(X),N,By,Ly)

CALL Hi_lo(Z(%),N,Bz,L2)

CALL Stat_mat(W(x),X(k),Y(X),Z(X),S5tat(X),Cov(%),0_set(X),N)

CALL Reg(Stat(k),Cov(X),S(X),R(X),D_set(X))

PRINT "TRACKLINE=";F$;TAK(20);" START TIME=";U$(1);TAB(S0);" STOP TI
(N)

CALL Print(Stat(x),0_set(X),Cov(X),R(X),N,1)
GOTO Menu
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1683%0 KX ~ COMPARE MINILI-RANGER aAND

1860 PRINT PAGE

1870 PRINT * COMPARE MINI-RANGER AND LORAN-C POSITION DATA *

1880 CALL Compar(Pos_x(k),Pos_y(X),Zx(K),Zy(K),At(X),Ct(X),ATT(X),CTT(X) ,F
‘ $,N,R) |

1890 GOTO Menu |
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121900 Ko | ~ PL.OT
1940 PRINT PAGE

1920 PRINT * PLOT TD DATA WITH REGRESSION LINES "
1930 INPUT "PLOT? WXi ,WY2,WZ3,XY4,XZ5,YZ6",Plot
1940 ON Plot GOTO Wx,Wy,Wz,Xy,Xz,Y2
1950 Wx: PRINT LINCI)

1960

Fs$)

1970 PRINT LIN(3)

1980 GOTO Menu

1990 Uy: PRINT LINC3)

2000

Fe)

2010 PRINT LIN(3)

2020 GOTO Menu

2030 Wz: PRINT LIN(3)

2040

F$)

2050 PRINT LINC(3)

2060 GOTO Menu

2070 Xy: PRINT LIN(3)

2080

Fs)

2090 PRINT LINC(I)

2100 COTO Menu

2110 Xz PRINT LIN(3)

2120

F$)

2130 PRINT LINCI)

2140 GOTO Menu

2450 Yz PRINT LINC(3)

2460

Fs)

2170 GOTO Menu

2180

DATA WIETH REGCGRESS

CALL Plot(Lw,Bw,Lx,Bx,8(1,1),8(2,1),W(x) ,X(%),R(41,1),N,"TDX",*TDU",

CALL Plot(Lw,Buw,Ly,By,5(1,2),5(2,2),W(X),Y (%) ,R(1,2),N,“TDY", "TDW",

CALL Plot(Lw,Bw,Lz,Bz,5(1,3),6(2,3),W(X),Z(Xx),R<41,3),N,"TDZ","TDU",

CALL Plot(Lx,Ex,Ly,By,5(1,4),5(2,4),X(X),Y{(X),R(1,4),N,"TDY",“TDX",

CALL Plot(Lx,Bx,Lz,Rz,5¢(1,5),5¢(2,9),X(%),2¢(X),R{(1,5),N,"TDZ","TDX",

CALL Plot(Ly,By,Lz,RH2,5(1,6),5(2,6),Y(X),Z(X),R(1,6),N,"TDZ","TDY",
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B2 KSa ~ PLOYT RESILIDUALS

2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
24490
2450
2460
2470
2480
2490
2500
25410
2520
2530
2540
2550
2560
2570
2580
25990
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690

PRINT PAGE
Hc=0
PRINT * PLOT RESIDUALS *
INPUT “PLOT? WX1i,WY2,WZ3,XY4,XZ5,YZ6",Plot
ON Plot GOTO Rwx,Rwy,Rwz,Rxy,Rxz,Ryz

Rwx: IF R(3,1)=2 THEN Skipi
CALL Rplot(W(X) ,X(X),S(X%),R(X),1,N,"TDW", *TDX" ,F$)
PRINT LINCI)
GOTD Menu

Skipi:CALL Rplot(X(X),W(%),8(x) ,R(x),{,N,"TDW","TDX",F$)
PRINT LINC(I)
GOTO Menu

Rwy: IF R(3,2)=2 THEN Skip2
caLL Rplot(U(*) Y(X),S¢(k),R(X),2,N,"TDW”,“TDY",F$)
PRINT LINCI)
GOTO Menv

Skip2:CALL Rplot(Y(X) ,W(X),5C(K),R{(X),2,N,"TDW","TDY" ,F%)
PRINT LIN(I)
GOTO Menu

Rwz: IF R(3,3)=2 THEN Skip3
caLL Rp]ot(U(*) Z4X%),S(x%),R(x%x), 3 N,"TDW","TDZ",F$)
PRINT LINC(3)
GOTO Menu

Skip3:CALL Rplot(Z{Xx),W(%x),S5(x),R(X),3,N,"TDW",“TDZ" ,F$)
PRINT LINC(3)
GOTO Menu

Rxy: IF R(3,4)=2 THEN Skip4
CALL Rplot(X(X),Y(%),S5(%),R(X),4,N,"TDX","TDY",F$)
PRINT LINC(3)
GOTO Menu

Skip4:CALL Rplot(Y(X) ,X(%),8(%),R(k),4,N,"TDX","TDY" ,F$)
PRINT LIN(3)
GOTO Menu

Rxz: IF R(3,5)=2 THEN Skip$%
CALL Rplot(X(X),Z(X),8¢(X),R(X),S5,N,"TDX","TDZ" ,F$)
PRINT LINC(3)
GOTO Menu .

SkipS:CALL Rplot(Z(%),X(X),8(%),R(X),5,N,"TDX","TDZ" ,F$)
PRINT LINC3)
GOT0 Menu

Ryz: IF R(3,6)=2 THEN Skipé
CALL Rplot(Y(X),Z(%x),5(X),R(X),6,N,"TDY","TDZ2",F$)
PRINT LINCD)
GOTO Menu

Skip6:CALL Rplot(Z(X),Y(X),8(X),R(X),6,N,"TDY","TDZ",F$)
PRINT LIN(3)

GOTO Menvu
!
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BRYR0 K&t -~ EDLT TD DATO
2730 MASS STORAGE IS ":Ti4"
2734 PRINTER 1S 46
, 2740 PRINT PAGE
2750 PRINT * EDIT TD DATA *
l 2751 Edit=S
2752 S$="N"
; 2760 INPUT *SINGLE LINEL,BLOCK2,TD-CLIP3,0R RANGEA?",Edit
% 2770 ON Edit GOTO Single,Blok,Clip,Range,More
27714 GCOTO More
2780 Single:CALL Delete(W(X),X(X),Y(X),Z(X),R1(X),R2(X),U$(X),N,F$)
2790 GOTO More
: 2800 Blok:CALL Delete_blok (W(X),X(X),Y(X),Z(X),R1(%X),R2(X),U$(X),N,F$)
! 2810 GOTO More
: 2820 Clip:CALL Delete_td(W(X),X{X),Y(X) ,Z(X),R1(X),R2(X),US$(X) ,N,F$)
1 2830 GOTO More
2840 Range:CALL Delete_rg(W(X) ,X(X),Y(%),Z(X),RL(K),R2(X),U$(X) ,N,F$)
2850 More: !
28514 INPUT "EDIT MORE DATA? Y OR N”*,S$
2852 IF UPC$(S$I[4;41)="Y" THEN Kib
2853 INPUT “L IST DATA? Y OR N",S$
2854 IF UPC$(S$[4;41)¢>"Y" THEN Stor
2855 FIXED 2
2856 FOR I=4 TO N
2857 PRINT I;WCI)3XCI);YCI);ZCI);RACID;R2CI);USCI)
2858 NEXT 1 k
2860 Stor:F$=Fs&"e"
2868 INPUT “ STORE EDITED DATA? Y OR N *,S$
2870 IF UPC$(S$[4;41)<>"Y" THEN Menv
2880 CALL Store(W(k),X(%),Y(X),Z{X),R1(X),R2(X),Us$(X),N,F$)
2890 GOTO Menu
2920 |




2P0 K73y =~ CONVERT TD T0O XY

29440 PRINT PAGE

2950 PRINT “ CONVERT TD TO XYy *

2960 MASS STORAGE IS “:TiS"

2970 MAT Pos_x=(0)

2980 MAT Pos_y=(0)

2990 MAT Ct=(0)

3000 MAT At=(D)

3040 Chalin: '

3020 IF Ci=4 THEN UWp_Ffile

3040 INPUT “CHAIN FILE",Chains

3060 IF LEN(Chain$)(>S THEN Chain

3070 ASSIGN #1 TO Chainsg !
307S Ci=q (
3080 READ #43Xmit(X),Power(Xk),Emis(X)

3090 Wp_file: !

3400 IF Fi=t THEN Xmit_coord

3410 INPUT "WAYPOINT FILE NAME?" ,File$

3120 Fi=4

3430 ASSIGN #1 TO Files

3140 READ #1; wpt(*)

3150 Xmit_coord:

3160 CALL Cart coord(ant(#) LWpt(25,7),Wpt(25,8),Zxmnit{x))

3170 Waypoint: ]

3480 INPUT "WAYPOINT TO 7",Ut

3490 INPUT "WAYPOINT FROM ?7",Wf

3200 Range_bearing: !

3210 FOR I=4 TO 4

32245 CALL Rb(Wpt(Wt,S) ,Wpt(UWt,s6),Zxmit(I,1),Zxmit(I,2),Bear(I),Ronge(I)
)

3240 NEXT I

3240 G_mat: !

3250 Zp(i)=Wpt(Wt,S)

3260 Zp(2)=Wpt(Wt,6)

3270 CAlLL G_mat(Power(x),V,Range(X),Bear{(Xx) ,Zp(Xx) ,Aa(Xx) ,G123(X) ,G12(xX),

G23(%x) ,G43(x))
3280 Configuration: ! {

3290 PRINTER S 0
3340 Conf=VAL(Chain$(5,51) 3
3320 Ch$=Chainsl(1,4]

3340 INPUT "TWO OR THREE TD SOLUTION?*,S

3350 IF So=2 THEN S02

3360 IF So=3 THEN So3

3370 So3: { THREE TD SOLUTION

3380 CALL Wp3(Wpt(X),Conf,Wt,Tp(X),Zpp(X),L$) WAYPOINT TD

3390 PRINT “THREE TD SOLUTION, cna:u=~-cns; LOPs=";(%

3400 FOR I=4 TO N J
3410 CALL Td3(W(X),X(X),Y(X),Z(%x),I,Conf,Tq(x))

3420 CALL Fehg(Zxmit(%),Zpp(X),Tp(%X),Tq(%),GL123(x),2q(%x),V,3)

3430 Pos_x(1)=2q(1,1)

3440 Pos _y(I)=2q(2,1)

3450 DISP I :
3460 NEXT I i
3470 t CALCULATE POSITION OF FROM WAYPOINT (Mf) !
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P .

3480 CALL Wp3(MWpt(X),Conf,Wf,Tq(X),Zxx(X),L$) IWAYPOINT FROM TD
; 3490 CALL Fehg(Zxmit(x),Zpp(X),Tp(Xx),Tq(Xx),G123(%x),Zq(Xx),V,3)
: 3500 GOTO Ct_at
i 3540 So2: ! TWO TD SOLUTION
3520 CALL Wp2(Wpt(Xx),Conf,Wt,Tpp(X) ,Pair,Zpp(Xx),G12(X),G23(X) ,G13(%x),G(
‘ Xy ,L$,Zxmit(X) ,Zxm(X)) :
3530 PRINT “TWO TD SOLUTION, CHAIN=";Ch&;" LOPs=";L$
3540 FOR I=1 TO N
3550 CALL Td2(W(X) ,X(X),Y(X),Z(X),I,Conf,Pair,Tqq(¥x))
3560 CALL Fehg(Zxm(X),Zpp(Xx),Tpp(X),Tqq(%x) ,6(x),Zq(Xx),V,2)
3570 Pos_x(I)=Zq(1,1)
3580 Pos_y(l)=2q(2,1)
3590 DIsSP 1
3600 NEXT 1
3640 ! CALCULATE POSITION OF FROM WAYPOINTC(UF)
36290 CALL Wpf2¢Wpt(X) ,Conf,Pair ,Wf,Tqq(Xx))
3630 CALL Fehg(Zxm(X) ,Zpp(X),Tpp(X),Tqq(Xx) ,G(X),Zq(X),V,2)
3640 t CALCULATE CROSSTRACK AND ALONGTRACK POSITIONS
3650 Ct_at: CALL Ct_at{Pos_x(%),Pos_y(X),Ct(X),At(X),Wpt(Wt,S) Wpt(Wt,6),Z
q(i,4),Zq(2,1),N,R,Angle)
3660 DISP R,Angle
3670 CALL Stat_mat(Pos_x(X),Pos_yp(X),Ct(X),At(X),Stat(Xx),Cov(X),0_set(x
) ,N)
3680 CALL Reg(Stat(x),Cov(Xx),5(X%),R(X),0_set(X))
3690 PRINTER IS O

I 3700 CALL Track(Stat(X),D_set(x),Cov(X),R(X),Sample,F$,Wt WUf,Angle ,N)
&) ¥ 3710 GOTO Menu
3720 !

. e oo
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X740 Ki83: ! ~ PLOT XY D&Y,
3750 PRINT PAGE
3760 PRINT “ PLOT XY DATA *
' 3770 INPUT *MINI-RANGERY ,CONVERTED LORAN-C2,BOTH3,0R ERROR PLOT
; 47",P1
§ 3780 ON P1 GOTO 3830,3790,3870,3920
‘ 3790 CALL Hi_lo(Pos_x(%),N,Maxx,Minx)
3800 CALL Hi_lo(Pos_y(Xx) ,N,Maxy,Miny)
3840 CALL Xplot(i,Pos_x(X),Pos_y(X),Minx,Maxx,Miny,Maxy,N,1,F$,Ch$,Ls,P
1) :
3820 GOTO Menvu
3830 CALL Hi_lo(Zx(X),N,Maxx,Minx)
3840 CALL Hi_lo(Zy(x),N,Maxy,Miny)
3850 CALL Xplot(4i,Zx(X),Zy(x),Minx,Maxx,Miny,Maxy,N,1,F$,Chs,L$,P1)
3860 GOTO Menvu
3870 CalLL Hi_lo(Pos_x(Xx),N,Maoxx,Minx)
3880 CALL Hi_lo(Pos_y(Xx),N,Maxy,Miny)
3890 CALL Xplot(2,Pos_x(X),Pos_y(X),Minx,Maxx,Miny,Maxy,N,1,F$,Chs,Ls,P
1)
3900 CALL Xplot(i,Zx(X),Zy(X),Minx,Maxx,Miny,Maxy,N,2,F$,Chs,Ls,P1)
3940 GOTD Menv :
3920 CALL Hi_lo(Pos_x(X),N,Maxx,Minx) J
3930 CALL Hi_lo(Pos_y(X),N,Maxy,Miny) :
3940 CaLL X_errplot(i,Zx(#),Zy(*),Pos_x(*),Pos,y(*),Hinx,Muxx,Miny,Muxy !
»N) :

3950 GOTO Menu




§ EPPO

3980
3990
4000
40410
4020
4030
4040
4050
4060
4070
4080
4081
4082
4083
4084
4085
ACK (M) "
4086
4087
4088
4089
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4230

Kio:t = PLOT CTr/Z/atT DaTH

PRINT PAGE

PRINT * PLOT ALONG TRACK CROSS TRACK DATA *

INPUT “MINIRANGERS, LORAN-C2 OR BOTH3? 4,2 OR 3",Data

ON Dnta GOTO 4020,4060,4400

CALL Hi_lo(Ctt¢(%),N,Maxc,Minc)

CALL Hi_lo(Att(Xx),N,Maxa,Mina)

CALL Patct(Att(x),Ctt(X),N,Mina,Maxa,Minc Maxc,Wt,Wf,F&,R,4,Data)
GOTO Menvu

CaLL Hi_lo(Ct(Xx),N,Maxc,Minc)

CALL Hi_loCAt(X),N,Maxa,Mina)

CALL Patct(At(X),Ct(x),N,Mina,Maxa,Minc,Maxc,Wt,Wf,F$,R,1,Data)
INPUT “LIST OF ALONG/CROSS TRACK DATA? Y OR N",List$

IF UPCS(Listsl4;41)C)"Y" THEN Menu

PRINTER IS 0

PRINT “FILE= “;F$

PRINT LINC1);"SAMPLE";TAER(20);"ALONG TRACK (KM)"*;TAK(40);"CR0OSS TR

PRINT LIN(YL)

FOR 1I=4 TO N

PRINT I;TAB(2S);At(I) ;TAKC45);Ct(I)%1000

NEXT 1

GOTO Menu

CALL Hi_lo(Ct(%),N,Maxc,Minc)

CALL Hi_lo(Ctt(x),N,Maxcc,Mincc)

Maxc=MAX{(Maxc ,Maxcc)

Minc=MIN(Minc ,Mincc)

CALL Hi_lo¢(At(xX%),N,Maxa,Mina)

CALL Hi _lo(Att(Xx),N,Maxaa,Minaa)

Maxa=MAX(Maxa,Maxan)

Mina=MIN(Mina,Minaa)

CALL Patct(Att(x),Ctt(x),N,Mina,Maxa,Minc ,Maxc,Wt,Wf,F$,R,4,Data)
CALL Patrct(At(x),Ct(x),N,Mina,Maxa,Minc,Maxc,Wt,Wf,F$,R,2,Data)
GOTO Menu

¢
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el i e st s F e i) Kt

g AQARH40 K201 ) -~ PREDICY TD
E 4250 PRINT PAGE .
! 4260 PRINT * TD PREDICTION *
: 4270 MASS STORAGE IS ":T4S*
; 4280 PRINTER IS 0
' 4290 FIXED 3
{ 4300 IF Ci=41 THEN UWpfile
4320 Getch:INPUT “CHAIN FILE*,Chains
4340 IF LEN(Chain$)¢)>%S THEN QGetch
4350 ASSIGN #1 TD Chains$
435S Ci=y
4360 READ #1;Xmit(X),Power(Xx) ,Enis(Xx)
4370 Wpfile: INPUT IS POINT OF INTEREST ON WAYPOINT FILE? Y OR N",Ps
4380 IF P$="N" THEN Input
A390 IF Fi=1 THEN Jump
4400 INPUT “WP FILE NAME?”,File$
4410 Fi=g '
4420 ASSIGN #1 TO Files
4430 READ #4%;uWpt(X)
4440 Jump: INPUT "WAYPOINT NO.7",UWn
4450 LatsWpt(Wn,?7)
4460 Lon=UWpt(Wn,B8)
4470 GOTO Td
4480 Input: INPUT " INPUT LAT IN DEGREES,MIN,SEC*,D,M,S
44990 Lat=D+M/60+5/3600
4500 INPUT "INPUT LON IN DEGREES,MIN,SEC",D,M,S
4510 Lon=~(D+M/60+5/3600)
4520 Td: FOR I=4 7O 4
4530 CALL Range(Lat,Lon,Xmit(I,41),Xmit(I,2),Range(I))
4540 CALL ERear(Lat,Lon,Xmit(I,4),Xmit(I,2),RBear(l))
4550 NEXT 1
4560 CALL Td(Range(%),V,Emis(X),Td(X))
4570 CALL G_mat(Power (X),V,Range(%),Bear (X),Zp(%),Aa(X),B423(X),612(xX),
G23(x) ,G413(xXx))
4580 Gdop: 1
4590 Gdopi2=(G12(41,1)72+G12(1,2)%2+612(2, 1) 2+G12(2,2)*2)*.%
4600 Gdopi3=(G4i3(1,1)424643(1,2)°24+G13(2,1)*2+G13(2,2)*2H*.S
| 4640 GCdop23=(823(4,4)42+G23(4,2)*2+G23(2,1)*2+623(2,2)*2)*.% ;
45620 Gdopi23=(G123(1,1)%2+6123(1,2)*2+G123(1,3)42+G123(2,4) *2+6123(2,2) |
~2+6123¢(2,3)*2)+ .S
44630 FIXED 4
4650 Ch$=Chain$(i,4]
4660 PRINT °"CHAIN=";Ch$
4670 PRINT "LAT=";Lat;TAB(15);"LON=";Lon
o 44680 FIXED 3
b | 4700 Conf=VAL(Chain$(S,51)
S 4740 ON Conf GOTO Txyz,Twxy,Twxz,Tuyz
o 4720 Txyz:PRINT "PREDICTED: TDX=";Td(41);TAR(3S);"TDY=";Td(2);TAR(SS);"TDZ="
3 ;Td(3)
‘;! 47390 IF P$="N" THEN 4750
S 4740 PRINT "SURVEYED: TDX=";Wpt(Wn,2);TAB(3S);"TDY=";Wpt(Wn,3);TAR(SS)
’ 3"TDZ=";uWpt(n,4)
L 4750 PRINT TAR(20); "RANGE(KM) " ; TAR(40) ; "REARING(DEG) "
. 4760 PRINT "MASTER";TAR(C20);Range(4) ;TAB(40) ;Bear(4)
|
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4770 PRINT "X-RAY*;TAR(20);Range($);TAB(40);Rear (1)
a 4780 PRINT “YANKEE*;TAB(20) ;Range(2);TAB(40) ;Bear(2)
% 4790 PRINT *ZULU®;TAE(20);Range(3);TAB(40) ;Bear(3)

5 4800 PRINT TAB(22);"XYZ";TAB(37);"XY";TAB(S2);"XZ"; TAB(67);"YZ"
i 4810 PRINT "GDOP (M/NANOSEC)";TAB(20) ;Gdaopi23; TAB(3S) ;Gdopi2; TAB(50) 3Gdop

13; TAR(65) ;Gdop23

4820 GOTO Menu
4830 Twxy:PRINT “PREDICTED: TDW=*;Td(1);TAR(3S);"TDX=";Td(2);TAB(SS);*TDY="
3 Td(3)
4840 IF Pes="N" THEN 4860
4850 PRINT “SURVEYED: TDW=";Wpt(Wn,41);TAB(3S);"TDX=";UWpt(Wn,2);TAR(SS)
3TDY="uWpt(Wn,3)
4860 PRINT TAB(20);"RANGE(KM) “;TAB(40) ; "REARING(DEG) "
4870 PRINT “MASTER";TAE(R20);Range(4);TAE(A40) ;Rear (4)
4880 PRINT "WHISKEY";TAB(20);Range(i);TAE(40) ;Bear (1)
4890 PRINT "XRAY";TAR(20);Range(2);TAEB(40) ;Bear(2)
4900 PRINT *YANKEE";TAR(20);Range(3);TAB(40) jRear(3)
4910 PRINT TAB(EE);“NXY“;TAB(S?);“NX“;TAB(SZ);“UY";TAB(b?);”XY”
4920 PRINT “GDOP (M/NANQSEC)*; TAE(20) ;Gdop123; TAR(3S) ;Gdopl2; TAR(SD) ;Gdo
pi3;TAK(6S) ;Gdop23
4930 GOTO Menu
4940 Twxz:PRINT “PREDICTED: TDW=";Td(4);TAK(3S);"TDX=";Td(2);TAER(SS) ;" “TDZ="
3 Td(3)
4950 IF P$="N" THEN 4970
49610 PRINT "SURVEYED: TDW=";Wpt(uWn,41);TAR(3IS) ;"TDX=";UWpt(Wn,2);TAB(SS)
3 "TDZ=";Wp t(Wn,4)
4970 PRINT TAR(20) ; "RANGE(KM) " ; TAER(40) ; "BEARING(DEG) "
4980 PRINT “MASTER";TAR(20);Range(4);TAR(40) ;Bear (4)
4990 PRINT "WHISKEY";TAK(20);Range{4);TAR(AD) ;Bear(i)
S000 PRINT "XRAY";TAE(20);Range(?); TAR(40) ;Eear(2)
5040 PRINT "ZULUY;TAEB(20);Range(3);TAR(AL) ;Bear (3)
s020 PRINT TAEC22); "WXZ";TAB(37); "WX"; TAR(S2); "WZ"; TAR(&L7); "XZ" _
5030 PRINT "GDOP{M/NANOSEC)";TAR(20) ;Gdopi23; TAK(3S) ;Gdopi2; TAR(S0) ;Gde
i pi3;TAB(65) ;Gdop23 ]
i S040 GOTO Menu
! 5050 Twyz:PRINT “PREDICTED: TDW=";Td(4);TAR(3S);"TDY=";Td(2);TAR(SS) ;"TDZ=" |
3 Td(3)
P S060 IF P$="N" THEN 5080
P S070 PRINT "SURVEYED: TDW=";Wpt(Wn,1);TAR(3S);"TDY=";Upt(Wn,3);TAR(SS)
¢ 3 "TDZ=";uWpt(Wn,4) '
| 5060 PRINT TAE(20) ; "RANGE(KM) " ; TAR(40) ; "REARING(DEG) "
: 5090 PRINT "MASTER";TAK(20);Range(4);TAE(4D) ;Bear (4)
51090 PRINT "WHISKEY";TAB(20);Range(i) ;TAR(40) ;Bear(1)
1 5110 PRINT "YANKEE";TAB(20);Range(2);TAR(A0) ;Bear(2)
! 5120 PRINT "ZULU"; TAB(20) ;Ranqge(3) ; TAR(40) ;Bear(3)
i 5130 PRINT TAE(22);"WYZ";TAR(37);"WY"; TAR(S2) ; "WZ"; TAR(&7) 3 "YZ"
f 5140 PRINT "GDOP(M/NANOSEC)"; TAE(20) ;Gdopi23;TAR(3S) ;Gdopi2; TAB(SD) ;Gde:
4'; p13;TAB(6S) ;Gdop23
1 5150 GOTO Menu
I

5160 '




i B0 KE3 ! ”~ AL CLIL AT ES SRID WaRP
$160 PRINT PAGE
5190 PRINT " CALCULATE GRID WARP *
5200 MASS STORAGE IS “:TisS*
52140 PRINTER 1§ 0
‘ S220 ' INPUT CHAIN DATA
5230 IF Ci=1 THEN 5310
5250 INPUT "CHAIN FILE?",Chain$
5270 IF LEN(Chain$)()>S THEN 52%0
5280 ASSIGN #i TO Chain$
5285 Ci={
5290 READ #4;Xmit(%),Powar(X),Emis(xX)
; 5340 Ch$=Chain%$l1i,4]
! 5320 Conf=VAL(Chain$(%5,51)
5330 ! CALCULATE CARTESIAN COORDINATES OF XMITTERS
5340 CALL Cart_coord(Xmit(X) ,Wpt(25,7),Wpt(2%5,8),Zxmit(Xx))
5350 ! REFERENCE WAYPOINT FOR CALCULATIONS
5360 W=t
5370 Ip (1) =Wpt(W,S)
5380 Zp(2)=Wpt(W,&)
5390 ! CALCULATE AND PLOT TD ERRORS
5400 ON Conf GOTO Wxyz,Wwxy,Wwxz,Wuwyz
S410 Wxyz: |
5420 T =Wpt(U,2)
S430 T(2)=Wpt(W,3)
5440 T(3)=UWpt(W,4a)
5450 CALL Warp(X(X) ,Y{X),Z(XK) ,Zx(X),Zy(X),Zp(X) ,T(X),Zxmit{(X),V,N,Art(X
),R,Wt,Wf,Conf,F$)
5460 GOTO Menu
5470 Wwxy:!
S480 T(H)=Wpt(W, 1)
5490 T(2)=Wpt (W, 2)
5500 T(3)=Wpt(W,3)
55410 CALL Warp(WOX) ,XOK),Y(K) ,Zx(K) ,Zy(X) ,Zp(X) ,T(K) ,Zxmit{X) ,V,N,Att(X
),R,uWt,Wf,Conf ,F$)
55240 GOTO Menu
5530 Wwxz:!
5540 T(i)=UWptew, 1)
5550 T(2)=Wpt(W,2)
5560 T(3)=UptiW,a)
5570 CALL Warp(WOX) ,X(K) ,Z(K) ,Zx (%) ,Zy (k) ,Zp(X) ,T(X) ,Zxmit(X),V,N,Att(X
Y),R,Wt,Wf,Conf ,Fs)
5580 GOTO Menu .
SS90 Wwyz:l
E 5600 T =Wpt(W,1)
b S610 T(2)=Upt(W,3)
| S620 T(3)=UWpt(W,4)
5630 CALL Warp(W(X),Y(XK),Z(X),Zx(X) ,Zy(X),Zp(X),TC(X),Zxmit(X),V,N,Att(X i
i Y,R,Wt,Wf,Conf,Fs)
; S640 GOTO Menu
S650 |
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5680 PRINT PAGE

56%0 PRINT * DAISY CHAIN *“

5700 PRINTER IS 0

5710 MASS STORAGE IS ":T4S"

5720 ! INPUT CHAIN DATA

5730 IF Ci=1 THEN 58410

5750 INPUT “CHAIN FILE",Chain$

5770 IF LEN(Chnin$)<)>S THEN S7%50

S7840 ASSIGN #1 TO Chains$

578S Ci=4

8790 READ #4i;Xmit(%),Power(x),Emis(X)

5840 Conf=VAL(Chain%(5,51)

S8240 Ch$¢=Chain%(1,41

5830 ! INPUT WAYPOINT FILE DATA

5840 IF Fi=1 THEN 5890

5850 INPUT “WP FILE?",Files$

5860 Fi=1

5870 ASSIGN %1 TO Files$

5880 READ #4;UWpt(X)

S890 ! CALCULATE XY COORDINATES OF TRANSMITTERS

5900 CALL Cart_coord(Xmit(X) ,Wpt(2S5,7),Wpt(25,8),Zxmit (X))
5910 ! INPUT START AND STOP WAYPOINTS

5920 INPUT “START WAYPOINT NO.?",Rw

5230 INPUT "END WAYPOINT 7",1Iw

5940 ! CALCULATE G-MATRICES FOR Rw

5950 FOR I=1 TO 4

S960 CALL Rb(Wpt(Rw,S),Wpt(Rw,6),Zxmit(1,41),Zxmit(I,2),Hear(I),Range(I))
5970 NEXT I

S980 Zp(1)=UWpt(Rw,5)

$990 Zp(2)=UWpt(Rw,s)

6000 CALL G_mat(Power(%X),V,Range(X),RBear(X),Zp(X),Aa(X),G123(Xx),612(x),G
23(x%) ,G643(x))

6010 ' INPUT TWO OR THREE TD SOLUTION

6020 INPUT "TWO OR THREE TDh SOLUTION? 2 OR 3“,So

6030 IF (S0¢2) OR (S0)>3) THEN 6020

6040 IF So=2 THEN Ctwo

6050 IF So=3 THEN Cthree

6060 ! CALCULATE POSITION OF Iw

6070 Ctwo: ! TWO TD SOLUTION

6980 CALL Wp2(UWpt(Xx),Conf ,Rw,Tpp(X) ,Pair,Zpp(X),G12(X),623(X),G13(X),G(
X),Le,Zxmit(K),Zxm(x))

6090 PRINT “TWQO TD SOLUTION, CHAIN=";Ch$;" LOPs=";L$
6100 CALL Wpf2(Wpt(x),Conf,Pair,Iw,Tqq(Xx))

6110 CALL Fehg(Zxm(X),Zpp(X),Tpp(Xx),Tqq(X),G(X),Zq(x),V,2)
6120 GOTO Print

6130 Cthree: ! THREE TD SOLUTION

6140 CALL Wp3(UWpt(x),Conf ,Rw,Tp(X),Zpp(X),L$)

6150 PRINT "THREE TD SOLUTION, CHAIN=";Ch¢;" LOPg=";L$
6160 CALL Wp3(Wpt(x),Conf,Iw,Tq(X),Zxx(X),L$)

6179 CALL Fehq(anxt(l) pr(*) Tp(*) Tq(*) G123(x) ,Z2q(Xx),V,3)
6180 Print:! PRINT RESULTS

6190 DEG

6200 Dx=2q¢(1,1)-Wpt(Rw,S)

T
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6210 Dy=2q(2,1)~Wpt(Rw,6)

6220 Dlat=Dy/(41,852%60)

6230 Dlon=Dx/(1.852%60%XCAS(Wpt(Rw,7)))

62410 Lat=Wpt(Rw,7)+Dlat

6250 ~Lon=Wpt(Rw,8)+Dlon

6260 A=ATN(Dx/Dy)

6270 IF Dy<0 THEN A=A+180

6280 IF ACO0 THEN A=A+340

6290 R=SQR(Dx *2+Dy*2)

6300 FIXED 0

6310 PRINT “LOCAL GRID CENTERED AT WP";2S

6320 PRINT " WAYPOINT";Iw; "REFERENCED TO";Rw

6330 FIXED 3

6340 PRINT TAB(40);"Dx=";Dx,"Dy=";Dy;TAB(40);"D_lat=";Dlat,"D_lon=";Dlo
n

6350 PRINT TAR(40); “ANGLE=";A;" RANGE=";R; "KM{(";R/4.852;“NM,";R/.9144
3 "KYDS)™

6360 PRINT TAR(40);"X=";Zq¢(1,1),"Y=";Zq¢(2,4);TARB(AD) ;"LAT=";Lat,"LON=";
Lon

6370 PRINT "CURRENT CO-ORDINATES:"

6380 PRINT TARBC40);"X=";Upt(Iw,S),"Y="3Upt(Iw,6);TAB(40) ;" "LAT=";Wpnt (1w,

7),"LON=";Wpt(Iw,8)

6390 INPUT "CHANGE POSITION AND LAT/LON OF WAYPOINT OF INTEREST? Y OR N
“,Chs

6400 IF Che<)>"Y" THEN 6460

6410 Wpt(Iw,S)=7q(4,1)

6420 Wpt(Iw,b6)=2Zq(2,1)

6430 Wpti{lw,7)=lLat

6440 Wpt(Iw,B8)=Lon

6450 PRINT "WAYPOINT TAELE CHANGED"

6460 GOTO Menvu

6470 )
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6490
6500
) 65410
6520
6530
6550

HABO KX} » WaAaYPOEINT  FLE

PRINT PAGE

PRINT * FILE WAYPOINT DATA *
MASS STORAGE IS ":TiS*

CALL Wpfile(Wpt(x),Fi,Files)

GOTO Menu
L}
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6570 PRINT PAGE

6580 PRINT * MOVE: CALCULATES Tdq=Tdp+h(Zq)-h(Zp) *
6590 PRINTER 1S O

6600 MASS STORAGE IS ":T4S"

6640 FIXED 3

6620 t INPUT CHAIN DATA

6630 IF Ci=1 THEN 6710

6650 INPUT "CHAIN FILE?",Chain$

6670 IF LEN(Chain$)¢{>S THEN 6650

6680 ASSIGN #1 TO Chains

6685 Ci=4

6690 READ #4;Xmit(X),Power(Xx),Enis(xXx)

6710 Chs= Chu;nsli 41

6720 Conf= UAL(Chuan[S S1)

6730 ' INPUT UAYPOINT FILE DATA

6740 IF Fi=1 THEN 6790

6750 INPUT “WAYPOINT FILE?",File$

6760 Fi={

6770 ASSIGN #1 TO Files

4 67810 READ #i;Wpt(x)

: 6790 INPUT WAYPOINT NUMBRER AND OFFSET
- 6800 INPUT "WAYPOINT?",uWp

' ' 6810 INPUT “Dx/Dyi OR Range/Bearing2, & OR 2" ,Move
! 6820 IF (Move{(>i) AND (Move{)>2) THEN 6810

i “::" it

6830 ON Move GOTO X_y,Rb
6840 X_y: INPUT "INPUT Dx(KM)>*,Dx
o 6850 INPUT "INPUT Dy(KM)",Dy

b £ 6860 GOTO 6900

," 6870 Rb: INPUT “RANGE(KM) AND BEARING(DEG)",R,k

' 6880 Dx=R%SIN(E)

"; 68%0 Dy=R¥COS(B)

M 6900 CALCULATE XY COORDINATES OF TRANSMITTERS
6910 CALL Cart_coord(Xmit(X),Wpt(25,7),Wpt(25,8),Zxmit(Xx))
6920 { CALCULATE h(Zp)

6930 Zp(1)=UWpt(Wp,S)

6940 Zp(2)=UWpt(UWp,6)

6950 FOR I=1 TG 4

6960 CALL Rb(Zp(1),Zp(2),Zxmit(1,4),Zxmit(I,2),Bear{(l),Range(I))
6970 NEXT 1

: 69890 FOR I={ TO 3

. 6990 TC(I)=(Range(I)-Range(4))/V

: 7000 NEXT I

7010 CALCULATE Dtd=h(Zq)-h(Zp)

7020 Zp(1)=2p(1)+bx

7030 Zp(2)=Zp(2)+Dy

7040 FOR I=4 TO 4

7050 CALL Rb(Zp(41),Zp(2),Zxmit(1,4),Zxmit(1,2),Rear(1),Range(I))
7060 NEXT I

7070 FOR I=4 TO 3

7080 T(I)=(Range(I)-Range(4))/V-T(I)

7090 NEXT I

7400 [ PRINT RESULTS AND APPLY CORRECTION TO WP(OPTIONAL)
7410 FIXED 3

i B-79




7420 PRINT “AT WAYPOINT:";Wp;", A MOVE OF Dx=";Dx; "KM AND Dy=";Dy; “KM"
7130 PRINT “RESULTS IN TD CHANGES(MICROSEC) OF:"

7140 ON Conf GOTO Dxyz,Dwxy,Dwxz,Dwyz

7450 Dxyz:PRINT TAB(S);“Dtdx=";T(1);TAB(20);“Dtdy=";T(2Y; TAB(40);"Dtdz=";T(
3)

7160 INPUT "APPLY CORRECTION TO WP? Y OR N",Cors

7470 IF Cor$<>"Y" THEN Menv

74180 Wpt(Wp,2)=Wpt(up,2)+T(41)

7490 WptlWp,3)=UWpt(Wp,3)+T(2)

7200 Wpt(Wp ,4)=Wpt(Up,4)+T(3)

72410 Wpt(Wp,S)=Zp(4)

7220 WptiWp,62=Zp(2) i
7240 GOTO Done ‘
7250 Dwxy:PRINT TAB(S);"Dtdw=";T(4);TARC20);"Dtdx=";T(2);TAEB(40);"Dtdy=";T(

7260 INPUT "APPLY CORRECTION TO WP? Y OR N“,Cors$
7270 IF Cors${>"Y" THEN Menu i
7280 Wpt(Wp,)=Wpt(lp,1)+T(1) !
7290 Wpt(Wp ,2)=Wpt(Wp,2)+T(2) '
7300 Wptlp ,3)=Wpt(Wp,3)+T(3)

7340 Wpt(Wp,S)=Zp(1)

7320 Wpt(Wp,6)=Zp(2)

7340 GOTO Done

7350 Dwxz:PRINT TAB(S);*"Dtdw=";T(41);TAB(20);"Dtdx=";T(2);TAR(40);"Dtdz=";T(

o
~
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T
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7360 INPUT "APPLY CORRECTION TO WP? Y OR N",Cors

7370 IF Cor${>"Y" THEN Menu

7380 Wpt(Wp ,4d)=Wpt(Wp ,1)+T(1)

7390 Wpt(Wp,2)=Wpt(Wp ,2)+T(2)

7400 Wpt(Wp ,4)=Wpt(Wp,4)+T(3)

7410 Wpt(Wp ,S)=Zp(1)

7420 Wpt(Wp ,6)=Zp(2)

74490 GOTO Done

74%0 Dwyz:PRINT TAB(S);*Dtdw=";T(1);TAEB(20);"Dtdy=";T(2); TAB(40) ;"Dtdz=";T(

| 7460 INPUT "APPLY CORRECTION TO WP? Y OR N",Cors
' 7470 IF Cor$<()>"Y" THEN Menu
7480 Wpt(Wp,)=WptlUp,1)+T(1)
7490 Wpt(Wp,3)sWpt(Wp,3)+T(2)
7500 Wptiup ,4)=UWpti{Wp,4)+T(3)
: 75410 Wpt(Wp,S)=Zp (1)
i 7520 Wpt(Wp,b)=Zp(2)
. 7530 Done:PRINT "WAYPOINT TD AND POSITION CORRECTED"
7540 GOTO Menu
7560 '




i

i Gt 2 BN+ -
- a

=3

PEHE70 K% | -~ LLIEINK DaTéey FILILES

7580
7590
7600
7640
7620
7630
7640
7650
7660
7670
7680

ST AT - (e M e e

PRINT PAGE

PRINT " LINK TD DATA FILES *
MAT W=(0)

MAT X=(0)

MAT Y=(0)

MAY Z=(0)

FOR I=%1 TO 400

U‘=II

NEXT I

CALL Link{W(X) ,X(X),Y(X),Z(X),Ri(X),R2¢(X) ,US$(X),N,F$)
GOTO Menv
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2700 MASS STORAGE IS ":1TiS"
7740 PRINTER IS 16
7720 PRINT PAGE
7730 PRINT “ STORE CHAIN DATA *
‘ 7733 Mask$="XYZWXYWXZWYZ"
7770 INPUT "INPUT CHAIN FILE NAME",Chains
7775 IF (VAL(Chain$[5,51)>4) OR (VAL(Chain$[5,51)¢1) OR (LEN(Chain$)<)>5)
THEN 7770
2777 Conf=VAL(Chain$l5,51)
7780 INPUT "IS THIS FILE CURRENTLY ON TAPE?",Qs
7782 IF UPC$(Q$)="N" THEN CREATE Chains,i
7783 ASSIGN #1 TO Chains
7784 IF UPC$(Q$)="Y" THEN READ #1i;Xmit(X),Power (X),Emis(X)
7785 Op:INPUT "MODIFY/CREATE4; LIST2; SAVE3; QUITA",0pt
7786 IF (Opt<i) OR (Opt>4) THEN Op
7787 ON Opt GOTO Cr,Lst,Sve,Menu
7810 Cr:! INPUT MASTER DATA
7820 PRINT PAGE,LIN(20)
' 7824 D=M=8=0 !
7830 PRINT "INPUT MASTER DATA®
7840 INPUT "LATITUDE? D,M,5",D,M,S
7844 IF (D=0) AND (M=0) AND (S=0) THEN 78S%
u 7850 Xmit(4,1)=D+M/60+5/3600
. | 76851 D=M=5=0 b
i 7860 INPUT “LONGITUDE? D,M,S",D,M,S

i" ' 7861 IF (D=0) AND (M=0) AND (5=0) THEN 7880
) 7870 Xmit(4,2)=-(D+M/60+5/3600)

£ 7880 INPUT “POWER LEVEL? KW",Power(4)

vl 7890 ! INPUT SECONDARY DATA

7894 Indx=(Conf-1)X%3
7960 FOR I=1 TO 3
7970 PRINT PAGE,LIN(20)
. 8000 PRINT "INPUT TD";Mask$[Indx+I;il;" DATA"
b 8004 D=M=8=0
. 8040  INPUT "LATITUDE? D,M,S",D,M,S
. 8044 IF (D=0) AND (M=0) AND (S=0) THEN 8021
o : B020 Xmit(I,1)=P+M/60+5/3600
.o 8021 D=M=8=0 : "
co . 8030 INPUT "LONGITUDE? D,M,S",D,M,S 1
: : 8034 IF (D=0) AND (M=0) AND (S=0) THEN 8050 ;
B8040 Xmit(1,2)=-(D+M/60+5/3600) 4
; 8050  INPUT "POWER LEVEL? KW",Power(I) 7
; 8060 INPUT "EMISSION DELAY?"*,Emis(I)
! ; 8070 NEXT I
i . 8074 PRINT PAGE |
o 8072 GOTD Op ;
L : 8080 Lst: ! PRINT DATA TABLE
v 8084 PRINTER IS 0

: |
! 8090 PRINT LINCS);"CHAIN DATA FOR FILE: ";Chains x
' 8100 PRINT LIN(1);*STATION";TAB(13);"LAT";TAR(32); "LON";TAB(S0) ; “POWER (K
é W)";TAB(64) ; "EMISSTON DELAY™ ‘

E 8160  IMAGE &A,SX,DDD,AA,DD,"? *,DD.DD,"’’",4X,DDD,AA,DD,"? *,DD.DD,"??",4 |;

&

X,DbDDD,8X,DNDDDD.DD
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8161 Deg$=CHR$(4179)

8165 I=4

8166 GOSUB Unpak

8470 PRINT USING 8160; "MASTER" ,Degi ,Deg$ ,Mini ,Seci,Deg?,Deq$,Min2,8ec2,Po
wer(I)

8160 FOR I=1 TO 3

8484 GOSUB Unpak

8182 PRINT USING B160;Masks[Indx+I;411,Degi,Deg$,Mini,Seci,Deg2,Degé,Min2,
Sec2,Power(l) ,Emis(l)

8183 NEXT 1

8200 PRINT LIN(S)

8201 PRINTER IS 46

8240 GOTO0 Op

8220 Unpak:!

8221 Degi=INT(Xmit(I,1))

8222 Mini=INT(FRACT(Xmit(I,1))%60)

8223 Seci=FRACT(FRACT(Xmit(I,1))%60)%60
8224 Degl2=INT(~Xmit(I,2))

822% Min2=INT(FRACT(-Xmit(I,2))%40)

8226 Sec2=FRACT(FRACT(~Xmit(I,2))%60)%60
8227 RETURN

8228 (

8240 Sve:! FILE DATA

8260 ASSIGN #1 TO Chains

8270 PRINT #4;Xmit(X),Power(x),Enis(Xx)
8280 GOTO Menu

8300

8-83
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B3X10 K271 & REFLECT TDs TO WAYPOINT

8320
8330
8340
8350
8360
8380
8400
8410
B841S
8420
8440
8450
8460
8470
8480
8490
8%00
8510
8520
8530
8540
8550
8560
8570
8580
8590
8600
8640
8620
8630

MASS STORAGE 18 '8115‘
PRINT PAGE
PRINT * REFLECT TDS TO WAYPOINT *
! INPUT CHAIN DATA
IF Ci=4 THEN 84490
INPUT “"CHAIN FILE",Chains
IF LEN(Chain$){>S THEN 8380
ASSIGN #1 TO Chains
Ci=4
READ #1;Xmit(X) ,Power(x),Emis(X)
Conf=VAL(Chain$[5,51})
Ché¢=Chain$(4i,4]
! INPUT WAYPOINT FILE DATA
IF Fi=1 THEN 8520
INPUT "WAYPOINT FILE NAME?",Files
Fi=14
ASSIGN #1 TO Files
READ #4;Wpt(X)
CALCULATE XY COORDINATES OF XMITTERS
CALL Cart_coord(Xmit(Xx) ,Wpt(25,7),Wpt(25,8),Zxmnit(x))
! INPUT HAYPOINT OoF INTFREST
INPUT "WAYPOINT WHERE DATA IS TO BE REFLECTED?",W
! CALCULATE REFLECTED TD ARRAYS
CALL Reflect(W,Wpt(X) ,W(X),X(K),Y(X),Z(¥),Zx(X),Zy(X) ,Conf,Zxmnit(X),N

! CALCULATE STATS AND PRINT RESULTS

PRINTER IS 0

PRINT "RESULTS OF REFLECTING FILE “;F$;"TDs TO WAYPOINT";W
Fé=Fs&">"

PRINTER IS 16

GOTD K2 ! CALCULATE STATS
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8650 PRINT PAGE
8660 PRINT " CREATE OR READ REFERENCE STATION FILE * '
8670 MASS STORAGE IS “:1T4S"
8680 CALL Ref_file(Ref(Xx),Refs(x),RpS)
; 8690 GOTO Menv
8700 END

AP VP T N -1 g



i : 8710 SUB Reg(Stat(X),Cov(X),S5(X),R(X),0ffset(X))
i : 8720 OPTION BASE {
: ‘ 8730 DEFAULT ON
8740 S(1,4)=8(41,2)=6(41,3)=8tat(3,1)+0ffset(4)
8750 S(4,4)=8(1,5)=Stat(3,2)+0ffset(2)
| 8760 S(4,6)=8tat(3,3)+0ffset(3I)
; 8770 S¢(2,1)=8tat(3,2)+0ffset(2)
i 8780 $(2,2)=8(2,4)=Stat(3,3)+0ffset(3)
8790 §(2,3)=8(2,5)=5(2,6)=5tat(3,4)+0ffset(4)
8800 S(3,4)=5(3,2)=8(3,3)=8tat(4,1)
8810 S5(3,4)=5(3,5)=Stat(4,2)
8820 S(3,6)=Stat(4,3)
8830 S(4,1)=Stat(4,2)
! 8840 S(4,2)=5(4,4)=5ta1(4,3)
i 8850 S(4,3)=5(4,5)=5(4,6)=5tat(4,4)
1 8860 FOR I={ TO &
8870 Ind_var:! :
8880 Iv={4
8890 D=2 .
8900 IF S(4,1))S(3,I) THEN Iv=2
8940 IF S(4,I)>S(3,I) THEN D=i b
8920 R(3,I)=Iv ‘
8930 Slope:!
8940 R(1,I)=Cov(3,1)XS(D+2,1)/S(1v+2,1)
8950 IF Iv=2 THEN R(i,I)=1/R(4,I)
K 8960 Residual:! {
8] ¢ 8970 C=1-Cov(3,1)42
X | 8980 IF C<0 THEN 9000
Y 8990 R(2,I)=5(D+2,1)%C*.S
R 9000 NEXT I L
i 9040 SUREND '
t 9030 ! ‘
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9040 SUB Print(Stats(Xx),0_set(Xx),Cov(X) ,R(X),Bample,V)
9050 OPTION BASE ¢

92051 DIM Bartis)) .

2052 ERar$="_ —— -

9060 FOR I=4 T0 3

9070 FOR J=4 TO &

9080 IF R(I,J)>100 THEN R(I,J)=0

90906 IF Cov(3,J)>100 THEN Cov(3,J)=0

9400 NEXT J

9140 NEXT 1

9124 PRINT Bars

2430 IF V=2 THEN 9280

94140 PRINT LINCL)Y;TARC24);" TDW ";TAR(3&) 3" TDX ";TAB(S1i)3;* TDY *;TAR(6L) ;"
TDZ *

94150 FIXED 3

9460 PRINT LINC1);TAR(1) ) "CUMULATIVE AVERAGE";TABR(20);Stats(3,1)+0_set(4)
;TAB(35) ;Stats(3,2)+0_set(2) ;TAB(S0) ;S5tats(3,3)+0_set(3) ; TAE(65) ;Stats(3,4)
+0_set(4)

9170 PRINT LINCL);TAB(1); "STANDARD DEVIATION";TAR(20);Stats(4,41);TAR(3IS);
Btat1s(4,2);TAB(S0);S5ta1s(4,3) ; TAK(L5) ;8tats(4,4)

9180 PRINT LINCL);TARCL) ;"TD PAIR";TARC4L7) ; "WX" ; TAR(27) ; "WY"; TAB(37); “WZ"
sTAB(47) 3 "XY" ; TAB(S7) ; "XZ"; TAR(AL7) ; "YZ"

9190 PRINT LINC(L);TAB(L);“CORR COEF";TAB(19) ;Cov(3,1) ; TAR(2S);Cov(3,2);TA
B(35);Cov(3,3);TAB(45);Cov(3,4); TAB(SS);Caov(3,5);TAR(6S);Cov(3,86)

9200 PRINT LINC(L) ;TAB(L) ;"SLOPE";TARCAS) 3R (1,4) 3 TAR(2S);;R(1,2); TAR(3S) ;R(
1,3);TABC(AS) ;R(41,4) ; TAR(SS) ;R(41,5) ; TAR(LS) }R(L,6)

9210 PRINT LIN(L);TABCL); "RESIDUAL" ;TAR(LS) ;R(2,1); TAR(2S);R(2,2); TAR(3S)
3R(2,3); TABCAS) 3R(2,4) ; TAB(SS) ;R(2,5) ;TAB(65) 3R(2,6)

9220 STANDARD

9230 PRINT LINCL);TABCL) 3 "IND VAR";TABC17);R(3,1);TAR(27);R(3,2); TAR(3I?);
R(3,3);TAB(47);R(3,4);TAB(S7);R(3,%9) ; TAB(K7) ;R(Z,6)

9240 PRINT LIN(1);"SAMPLES=";S8ample

92%0 PKINT Bars

9260 PRINT LIN()

9270 SUBEXIT

9280 FIXED 3

9293 gRINT LINCL) 3 TAB(24) 3" RE  ";TAB(36);" R2 “;TAB(S1);" X ", TARC6H)
’ L]

9300 PRINT LINCL);TAB(L); "CUMULATIVE AVERAGE";TAB(20);Stats(3,1)+0 _set(1)
3 TAB(3%) ;8tats(3,2)+0_set(2) 3 TAB(Z0) ;85tats(3,3)+0_set(3) ; TAR(6S) ;Stats(3, q)
+0_set(4)

9340 PRINT LINC1);TABCL); "STANDARD DEVIATION";TAR(20);Stats(4,1);TAB(3S);
Stats(4,2);TAB(S0) ;Stats(4,3);TAB(SS) ;65tats(4,4)

9320 PRINT Bars

9330 SUBEND

9350 !
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9360
9370
9380
9390
9400
2410
9420
9430

SUB Hi_lo(X(X),N,Hi,Lo)
Hi=X(1)

Lo=X(4)

FOR I=1 TO N
Lo=MIN(X(I),Lo)
Hi=MAX(X(¢I) ,Hi)

NEXT 1

SUBEND




9440 SUB Plot(Lx,Hx,Ly,Hy,Xx,Yx,X(X),Y(%),81,N,Xs,Ys,F$)
9450 OPTION BASE ¢
9460 PLOTTER IS 43,“GRAPHICS"
9470 GRAPHICS :
‘ 9480 LOCATE 10,90,20,100
9490 SHOW Lx~4,Hx+i,Ly—1,Hy+i
9500 AXES 1,1,Xx,Yx
9510 LINE TYPE 2
9520 FOR I=1 TO N
9530 DRAW X(I),Y(I)
9540 NEXT I
9550 LINE TYPE {
9560 MOVE Lx,S1%CLx-Xx)+Yx
! 9570 DRAW Hx,S1K(Hx-Xx)+Yx
9580 Label:CSIZE 3
9590 LORG S
9600 LOCATE 0,125,0,20
9610 SCALE 0,500,0,20
9620 MOVE 50,15
9630 LABEL USING "#,K";X$;" US *;Y$;" A REGRESSION LINE"
9640 MOVE 50,10
9650 LAREL. USING "K*;“ONE MICROSEC/DIV"
1 9660 MOVE 50,5
A 9670 LABEL USING “K"; "I "L E="&F$

1 9680 PAUSE

/ 9690 INPUT "HARD COPY? Y OR N",Hcs
i, 9760 IF Hc$<)"Y" THEN 9720

i 9740 DUMP GRAPHICS

} 9720 EXIT GRAPHICS

]

2730 SUBEND
9750 !

B-89




9760
9770
9780
9790
9800
9810
9820
9830
9840
9850
?860
9870
9880
9890
9900
9940
9920
9930
9940
9950
9960
9970
9980
92290
10000
10040
10020
10030
10040
10050
10060
10070
10100
10110
10120
10130
10140
10150
10454
10460
10170
10480
10190
10200
102014
10210
10220
10230
10240
10320
10324
10330
10340
10350
10360

SUR Rplot(Iv(x),D(X),5(X),R(X),Pr,N,Vis, V2% ,F$)
OPTION BASE 1
Pi=4
PRINTER IS 0
INPUT *PLOT RESIDUALS VS N(1) OR INDEPENDENT VAR(2)",Pt
PLOTTER IS 13,"GRAPHICS"
GRAPHICS
LOCATE 40,400,20,80
IF Pi=1 THEN 9890
CALL Hi_lo(Iv(X),N,Imax,Imin)
SCALE Imin-2,Imax,-S,5
AXES 1,4,Imin,0
GOT0 9910
SCALE 0,N,-5,5%
AXES 10,1,0,0
LINE TYPE 2
R$=VALS$(R(2,Pr))
M=R(4,Pr)
IF R(3,Pr)=2 THEN M=1i/M
Tvu={
=2
IF R(3,Pr)=2 THEN ly=2
IF R(3,Pr)=2 THEN D=1
Da=S(D,Pr)
Ia=8(Iv,Pr)
FOR I=% TO N
Dp=Da+MX(Iv(I)-1a)
Dr=Dp-D(I)
Nr=Dr/R(2,Pr)
IF Nr>S THEN PRINT I,Nr
IF Pi=i THEN DRAW I,Nr
IF P1=2 THEN DRAW Iv(I),Nr
NEXT 1
PRINTER IS &6
LINE TYPE 1§
Ctr=N/8
IF Pi=2 THEN Ctr=Imin+(Imnax~Imnin)/8
MOVE Ctr,-4
IF Pi=1 THEN LAREL USING "K";"NORMALIZED RESIDUALS VS SAMPLE NUMRER"
IF Pi1=2 THEN LAREL USING "K*;"NORMALIZFD RESIDUALS VS INDEP VAR"
MOVE Ctr,-5S
LABEL USING "K";Vis¢;" AND "*;V2¢;" DATA";"; RES=";R$;" MICROSEC"
MOVE Ctr,-6
LAEEL USING "K";"TRACKLINE=";F$
IF Pi=1 THEN 10320
MOVE Ctr,4
LAREL USING "K"}Imin
MOVE Ctr,S
LABEL USING "K";"IND VAR MIN"
INTEGER K
LORG S
IF Pi=1 THEN 10360
K=Imnax-1Imin
GOTO 40390
K=N/410

T




10370 IF (N>100) AND (Pi=1) THEN K=N/%0
10380 Step={i
10390 IF (P1=2) AND (K>10) THEN Step=S
40400 FOR I=0 TO K STEP Step
' 10404 IF I=0 THEN 10480
10440 Mx=Imin+l
10420 IF Pi=41 THEN Mx=40XI
10430 IF (N)>100) AND (Pi=1) THEN Mx=50xI
10440 MOVE Mx,-14
10450 IF Pi=1 THEN L=Mx
10460 IF Pi=2 THEN L=I
10470 LABEL USING "K";L
10480 NEXT I
10490 IF Pi=2 THEN 10580
10500 FOR I=1 TO S
10540 M=N
10520 MOVE -M/16,1
10530 LAREL USING "K";1
10540 MOVE -M/16,-1
10550 LAREL USING "K";-I
10560 NEXT I
10570 GOTO 10640
10580 FOR I=4 TO S
10590 MOVE Imin-3,I
10600 LAREL USING “K";1
106140 MOVE Imin-3,-1
10620 LAREL USING "K";-1I
10630 NEXT I
10640 PAUSE
10650 INPUT “HARD COPY? Y OR N",Hcs
30660 IF Hcs$="Y" THEN DUMP GRAPHICS
10670 EXIT GRAPHICS
10680 SUBEND
10700 !
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10740 SUB Beor(Pi,P2,P3,P4,B)

10720 ! PROGRAM TO CALCULATE BEARING BETWEEN TWO POINTS
10730 { (P1,P2) AND (P3,P4).POSITIONS ARE INPUT IN DEGREEB
10740 ¢ OF LAT/LON « N AND E ARE +; 8 AND W ARE -

10750 DEG

10760 PS=COS(P3)

10770 P6=PA-PR

10780 P7=SIN(P3)XCOSC(PL{)-PSXSIN(P1)XCOS(PS)

10770 B=ATN(PSXSIN(P&)/P7)

10800 IF P7<0 THEN B=B+180

10810 IF BCO0 THEN B=E+360

10820 SUREND

10850 !

B-92
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10860
10870
io0880
10890
10900
10940
10920
10930
10940
10950
10960
10970
10980
10990
11000
11040
11040

SUB Range(P4i,P2,P3,P4,R)

! PROGRAM TO CALCULATE RANGE IN KILOMETERS BETWEEN TWO
! POINTS (P4,P2) AND (P3,P4). POSITIONS ARE IN DEGREES
! (LAT,LON) . NORTH AND EAST ARE +, ‘
DEG

P6=STN(P1)

P7=SIN(P3)

PB8=P6XP7+COS(P1)XCOS(P3)XCOS(PA-PR)

RAD

P9=(2-P8*2)+.5

PS=ATN(P9/P8)

PLO=(PE+P7) ~2R(IXPFP-PS)/(14+PB)

PL1i=(P6~P7) *2X(3XPP+P5)/(41~PB)

DEG

R=6378.135%P5+5,.346125%(P10-P14)

SUBEND
!

et . o i,




11150 SUB G_mat(P(X),V,Range(X) ,Bear(Xx),Zp{(X) ,A(X) ,G123(X),G12(X),623(%),C1

3(x%))

‘ : 11160 ' PROGRAM CALCULATES!

f 11170 ! A(X) ;GRADIENT MATRIX(XY TO TD)

‘ 11180 ! 5123(*))GRADIFNT MATRIX ¢(TD TO XY),3~TD CASE

! 11190 ! G12(%x),G23(x) ,G13(X) ;GRADIENT MATRICES(TD TO XY),2-TD CASES

, : 11200 ! INPUTS ARE:

i 11210 ! P(X) ;PONER LEVEL OF XMITTERS (KILOWATTS)
11220 ! V;VELOCITY OF PROPOGATION (MICROSEC/KILOMETER)
11230 ! Range (X) ;RANGES FROM POINT TO XMITTERS (KILOMETERS)
11240 ! Bear (%) ;AZIMUTH OF XMITTERS FROM POINT (DEGREES)
112590 ! Zp(Xx) ;XY POSITION OF POINT

! 11260 DEG

; 11270 OPTION BASE 1

11280 DIM R(3,3),W(3,3),B(2,3),C(2,2),D(2,3)
11290 MAT R=(1)
11300 K=P(4)/Range(4)*2
11310 FOR I=1 70 3
11320 ! CALCULATE A MATRIX
f 11330 A(I,1)=(SIN(Bear(4))-SIN(Bear(I)))/V
& 11340 A(I,2)=(COS(Bear (4))-COS(Bear(I)))/V

' 11350 ! CALCULATE CDVARIANCE MATRIX
11360 R(I,I)=1+KXRange(I)*2/P(I)
. 11370 NEXT I
} 11380 ! CALCULATE WEIGHTING MATRIX

? 11390 MAT W=INV(R)
41 11400 ! CALCULATE 6123

11410 MAT B=TRN(A)

11420 MAT D=BxW
11430 MAT C=DXA
11440 MAT C=INV(C)
14450 MAT G123=CxXD
$1460 ! CALCULATE 612,623,643
11470 FOR I=4 TO 2
11480 FOR J=1 TO 2
! 11490 K=I+4

R 11500 L=J+1
. 11540 M=I

I

T RN SN

11520 N=J .

j 14530 IF I=2 THEN M=3
o 11540 IF J=2 THEN N=3
: 11550 G12(I,J)=AC1,)

i 11560 G23(1,))=A(K,J)
11570 GA3(I, ) =AM, )
g 11580 NEXT J
A 11590 NEXT I
11600 MAT G12=INV(G1i2)
11610 MAT G23=INV(G23)
11620 MAT Gi3=INV(GLI)
11630 SUKEND
11640 !

P




11670 SUB Td(R(X) ,V,Ed(%x),T(X))

11680 ! PROGRAM PREDICTS TDS FOR A POINT. INPUTS ARE RANGES
11690 ! TO THE XMITTERS(R(X)) ,EMISSION DELAYS(Ed(X)), AND
11700 ! VELOCITY OF PROPDGATION

11740 !

_ : 11720 ! CALCULATE SECONDARY PHASE FACTORS (SF)
; ; 11730 FOR I=1 TO 4

: 141750 S(I)=38,4488/R(1)~,40758+,002466735%XR(I)

| 11770 IF R(IY<4160 THEN S(I)=,B16768/R(I)-.011402+,00L4&KR(T)
! 11780 NEXT 1

; 11790 ! CALCULATE TDS

i 14800 FOR I=41 TO 3

| 14810 T(I)=(R(I)-R(4))/V+B(1)-6(4)+Ed(I)

; 11820 NEXT I

i 11830 SUBEND




12030 SUB Wpfile(W(X),Fi,Files)
12040 ! PROGRAM TO STORE WAYPOINT INFO
12050 OPTION BASE 4
12060 PRINTER IS 0 °
12070 IF Fi=1 THEN Opt
12080 INPUT “WAYPOINT FILE NAME?",Files
12090 Fi=g
12100 INPUT “DOES THIS FILE CURRENTLY EXIST ON TAPE? Y OR N*,Crs¢
12140 IF UPC$(Cr$f1,1))=“N" THEN CREATE Files,8
12130 Cont: ASSIGN #1 TO Files
12140 IF UPCS$(Cr$[1,11)="Y" THEN READ #1;W(X)
12144 Opt: INPUT “MODIFY/CREATEL; LIST2; SAVE3; QUIT4",0pt
12142 IF (Opt(1) OR (Dpt>4) THEN Opt
12145 ON Opt GOTO Input,List,File,End
12160 Input:INPUT "WAYPOINT NUMBER?",Nw
12165 IF (Nw(1) OR (Nw>25) THEN Input
12170 PRINT “"WAYPOINT NUMBER=";Nw
12180 INPUT "INPUT OR CHANGE TDs? Y OR N*,Tds
12190 IF Td$="N" THEN Xy
12200 INPUT *TDW,TDX,TDY,TDZ 2*,W(Nw,1),W(Nw,2),W(Nu,3),W(Nw,4)
12210 FIXED 2
12220 PRINT “TDW=";W(Nw,1),"TDX=";W(Nw,2),"TDY=";W(Nw,3),"TDZ=";W(Nw,4
y e
12230 Xy: INPUT “INPUT OR CHANGE XY POSITION? Y OR N",P$
12240 IF P$="N" THEN L1
12250 FIXED 3
12260 INPUT *XY POSITION? E,N",W(Nw,S),W(Nw,6)
12270 PRINT "X=";W(Nw,5),"Y=";W(Nw,6)
12280 L1:INPUT *INPUT OR CHANGE LAT/LON? Y OR N",L1$
12290 IF L1$="N" THEN Next
12300 FIXED 4
12304 INPUT "ENTER LATITUDE; D,M,S",Deg,Min,Sec
12302 W(Nw,7)=Deq+Min/60+Sec/3600
12310 INPUT “ENTER LONGITUDE; D,M,S",Deg,Min,Sec
12311 W(Nw,8)=-(Deg+Min/60+Sec/3600)
12320 PRINT "LAT=";W(Nw,7),"LON=";W(Nw,8)
12330 Next:INPUT "ANDTHER WAYPOINT? Y OR N",As
12340 IF A$="Y" THEN 12160
12350 GOTO Opt
12354 List: PRINT LINCS);TAB(25);"WAYPOINT FILE: “;Files
12370 FOR I=1 TO 2%
12380 FIXED 0
12400 PRINT LINC1);“WAYPOINT=*;1
12440 . FIXED 2
12420 PRINT “TDW=";W(I,4),"TDX=";W(I,2), "TDY=";W(I,3),"TDZ=";W(I,4)
12430 FIXED 3
12440 PRINT "X=";W(I,5),"Y=";W(I,6)
12450 FIXED 0
12454 Lat=W(I,7)
12452 Deg=INT(Lat)
12453 Mini=60%(lLat-Deg)
12454 Min=INT(Mini)
12455 Sec=60XK(Mini-Min)
12456 PRINT “LAT:";Deq;CHR$(179) ;Min};*? "}
FIXED 2




R e ——

12458
12459
12460
12464
124462
12463
12464
12465
12466
12467
12470
12474
1247%
12480
12488

PRINT Secj%?? "3
FIXED ©
Lon=-W(1,8)
Deg=INT{(Lon)
Mini=60%(Lon~Deg)
Min=INT(Mini)
Sec=60X(Mini—-Min)
PRINT “LON:";Deqg;CHR$(4179) ;Min;"?";
FIXED 2

PRINT Secj;™??™
NEXT I

PRINT LIN(S)

GOTO Opt

FiletASSIGN #1 TO Files

PRINT #1;W(X)

12520 End:SUBEND
12540

= e e ten




12550 SUB Fehg(X(X),Zp(%X),Tp(X),Tq(¥),6(X),Zq(%),V,Nsta)

12560 ! THIS SUBROUTINE CALCULATES POSITION COORDINATES,Zq¢(2,1),
12570 | USING THE FLAT EARTH HYPERBOLIC GRID (FEGH) ALGROTHIM.
! 42580 ! INPUTS ARE TRANSMITTER POSITIONS,X(2,3),WAYPOINT POSITION,
; i 12590 | Zp(2,1); WAYPOINT TDs, Tp(2,1); THE GRADIENT MATRIX, G(2,2)}

; 12600 ! THE VELOCITY OF PROPOGATION, V; AND THE MEASURED TDs, Tq(2,1).
| H 12610 OPTION BASE ¢
: ! 12620 DIM A(Nsta,i),B(Nsta,1),C(Nsta,1),D(Nsta,1),E(2,1),T(Nst0,1),2(2,1),R
‘ (Nsta+i,1)

! 12630 Initialize:!
i ' 12640 K=0

12650 MAT Zq=Zp

12660 MAT B=Zp
f 12670 MAT A=Zp
! 12680 MAT C=Tq
12690 MAT D=Tp
12700 ! CALCULATE Zq{(1)=Zp+G(Tq-Tp)
12710 MAT T=C-D
12720 MAT 2q=GxT
12730 MAT 2q=Zp+2q
12740 ' CALULATE h(Zq(0))=h(Zp)
12750 FOR I=1i TO Nsta+i
12760 R(I,1)=8QR((Zp(L,1)-X(I,1))*24(Zp(2,4)-X(1,2))"2) »
12770 NEXT 1 i
12780 FOR I=4 TO Nsta

4 12790 D(I,4)=(R(I,4)-R(Nsta+1,41))/V
¥ 12800 NEXT 1
f\ 12810 ! CALCULATE Zq(n)=2Zq(n-1)~-Zq(n-2)+G(h(Zq(n-2)-h(Zq(n-1)))

e 4 12820 Iterate:K=K+i
: 12830 DISP K
g ! 12840 ' IF ITERATIONS EXCEED 20 THEN STOP
i . 12850 IF K)20 THEN Error .
12860 MAT B=A | Zq(n-2)=Zq(n-4) D
12870 MAT A=2Zq! Zq(n-4)>=Zq(n)
12880 MAT C=D ! h(Zq(n-2))=h(Zq(n-1))
12890 ! CALCULATE h(Zq(n-1))
12900 FOR I=41 TO Nsta+i
12910 R(I,1)=SQR((Zq(4,1)-X(I,1))*24(Zq(2,1)-X(1,2))42)
12920 NEXT I . ‘
12930 FOR I=1 TO Nsta
12940 D(I,1)=(R(I,1)-R(Nsta+i,1))/V
i 12950 NEXT I
: 12960 MAT 2q=Zq%(2)
12970 MAT Zq=Zq-B
12980 MAT T=C-D
12990 MAT Z=GxT
. 13000 MAT Zq=2q+Z
. 13010 ! CALCULATE ABS(Zq(n)-Zq(n-1))
" 13020 MAT E=A-2q
' 13030 Diff=E(1,4)42+4E(2,4)42

' 13040 ! IF DIFFERENCE )i YARD THEN ITERATE 3
13050 IF SQR(Diff))>.0010 THEN Iterate
13060 DISP K ¢
13070 GOTO End !

4

13080 Error:DISP "20 ITERATIONS WITHOUT CLOSURE {11}11"

B-98




13090 PAUSE
13100 End:SUBEND

13120 !
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13140

13150

13160

13170

13180

13190

13200

13210
13220
13230
13240
13250

13260
13270
13280
13290
13300
13310
13320
13330
13340
13350
13360
13370
13380
13390
13400

13430
13440
13450
134610
13470
13480
13490
13500
13540
13520
13530
13540
13550
13560
13570
13580
13590
13600
13640
13620
13630
13640
13650

SUBR Xplot(T,Ax(X),Ay (%) ,Minx ,Maxx,Miny,Maxy ,N,No,F$,Chs,L$,P1)
DIM L1$1801,L48180]

FIXED 3

Zoons="" ’

IF No=2 THEN 13260

PLOTTER IS 43,“GRAPHICS"

GRAPHICS

LOCATE 0,100,20,400

FRAME
IF Zoon$(>"Y" THEN SHOW Minx-.4,Maxx+.4,Miny-.4,Maxy+.4

IF Zoom$="Y" THEN SHOW Minx ,Maxx,Miny,Maxy
AXES .41,.4,Minx,Miny,10,40
GRID 2,2,Minx,Miny,1,1
LINE TYPE T
MOVE Ax(41),Ay(1)
FOR I=1 TO N
DRAW Ax(I),Ay(I)

NEXT I

PRINTER 1S 0

P=0

IF (P1=3) AND (No=4i) THEN SUBEXIT

IF (P1=3) AND (No=2) THEN Label
PAUSE

INPUT *“Z00M?,Y OR N",Zooms

IF Zoom$<)>"Y" THEN 13440
DIGITIZE Minx , Miny

DIGITIZE Maxx,Maxy

GOTO 43480
INPUT "FIND SAMPLE NUMBER AND VALUE OF PLOTTED DATA POINT? Y OR N",0v

IF Quts<)"Y" THEN 13520
DIGITIZE X,Y

Tol=.%

IF ARS(Maxx~Minx){=4 THEN Tol=,040

FOR I=4 TO N

IF (ARSCAx(I)-X){Tol) AND (ABS(Ay(I)-Y)>(Tol) THEN P=%
IF P THEN PRINT I,Ax(1),Ap(I)

P=0

NEXT I .

GOTO 13440

INPUT "DIGITIZE?*,DS

IF D$<{>"Y*" THEN Label

INPUT "HOW MANY?{=40",P

IF PY410 THEN P=40

GRAPHICS

FOR I=4 TO P

DIGITIZE Xx(X),Yy<(I)

LORG S

MOVE Xx(I),Yy(I)

LAREL USING "K";"+*

MOVE Xx(I),Yy<(I)

LORG 2

LABEL USING "3D";1I

NEXT I

FOR I=§ TO P




PRINT I,Xx(I),Yy(I)

NEXT I

Lobel1IF (P1=3) AND (Nowi) THEN SUBEXIT

LOCATE 0,100,0,20 °

SCALE 0,100,0,25

Lis="AXES: X="AVALS(Minx)4* Y="&VAL$(Miny)
L2s="UNITS: 1 KM/DIV*

L3$="FILE="4AF$

L4$="LORAN-C DATA:*&" CHAIN="ACh$&", LOPs="4L$
IF Pl=1 THEN LA$="MINI-RANGER DATA®

IF P1=3 THEN LA$="MINI-RANGER (SOLID LINE) AND LORAN-C (DASHED LINE)®
MOVE 10,20

LABEL Li$

MOVE 10,15

LABEL L2

MOVE 10,40

LABEL L3s

MOVE 10,5

LAREL LA4s$

PAUSE

Hrd_cop:INPUT "HARD COPY OF GRAPHICS?™,H$
IF H$="Y" THEN DUMP GRAPHICS

EXIT GRAPHICS

SUBEND




13970 SUB Ct_at({X(X),Y(X),Ct(%),At(X),Wxi,Wys,Wx2,Wy2,N,R,A)
13980 DEFAULT ON

13990 OPTION BASE 1§

14000 DEG

14010 MAT Ct=(0)

' 14020 MAT At=(0)

14030 ! CALCULATE COURSE ANGLE FROM Wi TO W2

14040 Dy=Wy2-Wyt

14050 Dx=Wx2-Wxi

14060 R=SQR(Dx*2+Dy+2)

14070 A=ATN(Dx/Dy)

14080 IF Dy<0 THEN A=A+180

14090 IF ACO THEN A=A+360

14100 ! CALCULATE ALONG TRACK AND CROSS TRACK DISTANCE

14110 FOR I=1 TO N

14120 X=X(I)-Wxi 1
14430 Y=Y(TI)-UWyt ]
14440 AT(I)=XXSINCA)+YXCOS(A)

14450 Ct(I)=-XXCOS(A)I+YKSIN(A)

14160 NEXT 1I

14170 ! FILTER Ct

14480 FOR I=2 TO N

14190 Ct(I)=Ct(I-1)X.7+Ct(I)X,3

14200 NEXT I

\ 14210 SUBEND

; 14230 !




14240
142414
14250
14260
14270
14280
14299
14300
14310
14330
14340
14350
14360
14370
14380
14390
14400
14410
14420
14430
14440
14450
14460
14470
14480
14490
14500
14501
14510
14520
14530
14540
14550
145610
14570
14580
14590
14600
14601
14602
14603
14610
146414
14620
14630
14640
14650
14660
14670
14680
14690
14700
14740
14720
14730

SUB Patct(At(x),Ct(x),N,Mina,Maxa,Minc,Maxc,ut,uf ,F$,R,No,Data)
DEG
DIM Li6C40),L.28040),L3%140]),L44(801
IF No=2 THEN 14370 ‘
PLOTTER IS 13, “GRAPHICS"
GRAPHIC®
LOCATE 40,100,20,400
Mina=MIN(0 ,Mina)
Maxa=MAX(R ,Maxa)
Bc=MAX(Maxc, .22)
Lc=MIN(Minc,-.22)
SCALE Mina,Maxa,Lc,Bc
AXES .1,.01,0,0,10,10
MOVE At(4),Ct(41)
LINE TYPE ¢
IF (Data=3) AND (No=2) THEN LINE TYPE 2
FOR I=f TO N
DRAW At1(I) ,Ct(I)
NEXT 1
MOVE R, 0
LORG S
LABREL USING “K";"I"
LINE TYPE 4
IF (Data=3) AND (No=41) THEN SUBEXIT
Label:!?
Y_axis:t
=-R/30
LORG 8
! IF Maxa)S THEN Y=,S
MOVE Y, .14
LABEL USING "K*;4100
MOVE VY, .2
LABEL USING "K";200
MOVE Y, 6 ~.14
LABEL USING "K";-100
MOVE Y,-.2
LABEL USING “"K";-200
MOVE Y,~-.215
LORG S .
LDIR 270
MOVE Y,0
LABEL USING "K";"METERS"
LDIR 0
X_axis:!
INTEGER K
K=Maxa
FOR I=4 TO K
MOVE 1,-.045
LABEL USING "K";1
NEXT 1
MOVE K-4,-,03S
LAREL USING "K"; "KILOMETERS"
LOCATE 40,100,0,20
SCALE 0,100,0,25
FIXED 0




14740
14750
14760
14770
14780
14790

Lis="ALONG TRACK VS CROSS8 TRATX *

Las="WAYPOINT
L34="FILE="AF$

"&VALS (WA TO

LA$="MINIRANGER DATA"
IF Data=2 THEN L4$="LORAN-C DATA"

IF Dnta=3 THEN LA$="LORAN-C DATA(DOTTED LINE) AND MINIRANGER DATA(SOL

ID LINED™®

14800
14810
14820
14830
14840
14850
14860
148790
14880
14890
14900
14910
14%20
14930
14940
14950
14960
14980

MOVE 0,22

LABEL "WP"&VALS (W)

MOVE 100,22

LABEL "WP"&VALS(UWF)

MOVE 55,20
LABEL Li$
MOVE §5,1S
LAREL L2$
MOVE 55,10
LAREL L3$%
MOVE 55,5
LABEL LA$
PAUSE

INPUT “HARD COPY? Y OR N ,Hc$

IF Hcs="Y" THEN DUMP GRAPHICS

EXIT GRAPHICS

SUBEND
!

“&"WAYPOINT "&VALS$(Wt)




14990 SUB Deleta(W(¥) ,X(X),Y(X) ,Z(X) ,R1(X) ,R2¢(X),TS(%),N,F$)
15000 OPTION EBASE ¢
15040 DIM We(4a00),Xe(A00),Ye(400),Ze(A400),Tes(400), Rie(400) ;R2e(400)
. 15020 PRINTER IS 0
! g 15030 Sample:INPUT “SAMPLE TO BE. DELETED?START WITH HIGHEST NUMBER *,D
X 15040 J=0
' 3 15050 FOR I=1 TO N ,
; 15060 Sampl:IF I=D THEN Next
i . 15070 J=J+4
’ 15080 DISP I,J
g 15090 We(J)=MW(I)
' 15400 Xe(J)=X(I)
B 15110 Ye(J)=Y(I)
? 15420 Ze(J)=Z(I)
: 15430 Rie(J)=Ri(I) ,
15440 R2e(J)=R2(I) ¥
15450 Te$(J)=T$(I)
15460 Next: NEXT 1

15170
15180

5190
15200
15210
15220
15230
15240

N=J
MAT
MAT
MAT
MAT
MAT
MAT
FOR

W=We

X=Xe

Y=Ye -
1=2Ze

Ri=Rie

R2=R2e

I=4 TON

15250 T$(I)=Tes$(I)

15260 NEXT I

15270 PRINT "SAMPLE";D;*DELETED,";N; "SAMPLES REMAIN"
15280 INPUT “"ANOTHER SAMPLE TO DELETE?",A$

15290 IF A$="Y" THEN Sample

15370 End:SUBEND

15390 !

8-105




15400
15410
15420
15430
15440
15450
15440
15470
15480
15490
15500
15510
15920
15530
15540
155%0
15560
15970
15580
15590
15600
15610
15620
15630
15640
15650
15660
15670
15680
15690
15700
15740
15720
15730

SUB Read (W(K),XCK),Y(X),Z(¥) ,R1{X),R2(X),Tine$(X),Sample,F$)
OPTION BASE 1
DIM AC100),B(100),C(100),D(100),T$(100),E(100),F(100)
MASS STORAGE IS *:T14"
Sample=0 | ZERO SAMPLE NUMBER AND DATA ARRAYS
MAT W=(0)
MAT X=(0)
MAT Y=(0)
MAT Z=¢0)
MAT R1=(0)
MAT R2=(D)
FOR I={ TO 400
Times(I)="w
NEXT I
INPUT " FILE NAME? “,F$ | INPUT FILE NAME
ASSIGN #1 TO Fs
READ #1;Set,Sample ! READ NUMBER DF DATA SETS AND SAMPLES
FOR J=0 TO 3 ! READ DATA SET BY SET AND LOAD INTR
ON END #{ GOTO 15600 ! DATA ARRAYS
READ #4;A0K) ,B(K),C¥),DOK) ,ECK) ,F(X),T$(X)
FOR I=1 TO 100
WCI+IX400)=A(T)
XCI+IX400)=R(1)
Y(I+I%$00)=C(I)
Z(I+J%100)=D(1)
RLCI+IX100)=E(I)
R2(T+I%400)=F (1)
Time$(I+I%100)=T$ (1)
IF 1+J%400=Sample THEN SUBEXIT
NEXT I
IF J+i=Set THEN SUBEXIT
NEXT J

SUREND
¢
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15750
15760
15770
15780
15790
15800
15810
1581414
15820
15830
15840
15850
15860
15870
15880
15890
15900
159140
15920
15930
15940
15950
15960
15970
15990
16000
16040
16020
16030
16040
16050
16060
16070
16080
16090
16400
16110
16120
16139
16140
16150
16160
16470
16180
16190
16200
16210
16220
16230
16240
16250
16260
16270

6280
16290

SUB Link(W(X) ,X(X),Y(X),Z(X),R1(%) ,R2(X),Tines(Xx),Count,Ls)
OPTION BASE ¢
DIM AC100) ,B¢(100),C<100),D(100),T$(100),E(100), F(100)
MASS STORAGE 18 “:T14'
Count=0
INPUT "FIRST FILE NAME? " ,F$
L’._-_Il L]
Commas=r"
Assign :ASSIGN #1 TO Fs
READ #1;Set,N
FOR J=0 TN 3
ON END #4 GOTO 415870
READ #4 ;ACX) ,B(X),C(X) ,D(X) ,E(X) ,F(%),T$(X)
FOR I-=4 TO 100
Kount=Count+I +IJ%X400
DISP Kount
W(Kount)=A(I)
X(Kount)=R(I)
Y(Kount)=C(I)
Z{(Kount)=D(I)
Ri(Kount)=E(I)
R2(Kount)=F(I)
Timet(Kount)=Ts$(I)
IF I+I%100=N THEN Jump
IF Kount=400 THEN Jump

NEXT 1

IF Set=J+%1 THEN Jump
NEXT J

Jump: !

PRINTER IS 16

PRINT PAGE;LINC20); "CURRENT FILE=";F$

INPUT *“CORRECT RANGE DATA? Y OR N",C$

PRINTER IS O

IF Cs$<(>"Y" THEN 161890

F$=Fs$&"r

INPUT "CORRECTION TO R1(METERS)?",Ric

INPUT "CORRECTION TO R2(METERS)?",R2c

PRINT J*FILE=";F%

PRINT "R14 CBRRECTION- }Ric; TAR(30) ; "R2 CORRECTION=";R2c

FOR I=Count+i TO Kount

Ri(I)=RL(I)+R1cC

R2¢I)=R2(T)+R2c

NEXT 1

INPUT “CORRECT TD DATA? Y OR N",Ce

IF Ce()>"Y" THEN 16340

PRINT "START TIME=";Times$(Count+1);TAR(3I0);"STOP TIME=";Time$(Kount)
INPUT “CORRECTION TO TDW(MICROSEC)?",uWc |
INPUT "CORRECTION TO TDX(MICROSEC)?*,Xc '
INPUT “CORRECTION TO TDY(MICROSEC)>?",Yc
INPUT "CORRECTION TO TDZ(MICROSEC)?",Zc
FOR I=Count+i TO Kount

WD) =W(I)+Ue

X(I)=X(I)+Xc

Y(IY=Y(1)+Yc

Z(I)=Z(X)+2c

3




16300 NEXT I

16310 Fe=Fe4a"t"

16320 PRINT “FILE=";F$

16330 PRINT "TD CORRECTIONS:";TAB(20);"Wcor=";Wc};TAB(3S)}"Xcor=";Xc};TAB(S0)
j"Yecor=";Yc; TAB(6S); "Zcor=";Zc

16340 Count=Kount

16350 PRINTER IS 16

16390 L$=L$8CommasaFs

16400 PRINT PAGE;LINC(20)

16440 PRINT "FILES LINKED=";L$%

16420 PRINT "TOTAL SAMPLES=";Count

16430 IF Count=400 THEN 16490

16440 INPUT "ANOTHER FILE? “,AS

16450 IF A$="N" THEN End

16451 Comma$=CHRS$(44)

16460 INPUT “FILE NAME? *,F$

16480 GOTO Assign

16490 End:PRINTER 1S 0

16495 PRINT “"FILES LINKED=";L$

16500 PRINT "TOTAL SAMPLES=";Count

16510 PRINT

16520 INPUT "STORE DATA SET? *,S$

16530 IF S$="Y" THEN Store

16540 SUBEXIT

N 16550 Store:CALL Store(W(x) ,X(X),Y(X),Z(X) ,R1(X),R2(X),Times(X),Count,F$)
3§ 16560 SUREND
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16570
16580
16590
16600
16610
16620
16630
16640
16650
16660
16670
16680
16690
16700
16740
16720
16730
167490
16750
16760
16770
16780
167940
16800
16810
16820
16830
16840
16850
16860
16870
16880
16890
16900
16910
16920
16930
16940
16950
16960
16970
16980
16990
17000
17040
17020
17030
17040
17050
17060
17070
17080
17090
17100
17420

SUB Stat_mat(W(X),X(X),Y(%),Z(X),8(X),Co(k),0(%),N)
OPTION BASE 1

DEFAULT ON

DIM A(400),B(400),C(400),D(400),V(4)
| OFF-SET

0C1)=W(1)

0(2)=X(4)

0¢3)=Y(4)

0¢4)=Z(4)

! SUBTRACT OFF-SET

FOR I=1 TO N

ACTY=M(I)-0(¢1)

B(T)=X(I)-0(2)

CCI=Y(I)-0¢3)

D(I)=Z(I)-D(4)

NEXT 1

I SUMS

8(1,1)=SUM(A)

5¢1,2)=SUMCE)

S¢1,3)=5UM(C)

S(1,4)=SUM(D)

| SUMS OF SQUARES
§¢2,1)=DOT(A,A)

8(2,2)=DOT(E,B)

§¢2,3)=DOT(C,C)

S(2,4)=DOT(D,D)

I MEAN AND STAN DEV

FOR I=1 TO 4

$¢3,1)=5(1,I)/N
V(I)=8(2,1)/N-8(3,1)42
S¢4,I)=SQR(V(I))

NEXT I

| SUM OF CROSS PRODUCTS
Co(4,1)=DOT(A,B)
Co(1,2)=DOT(A,C)
Co(4,3)=DOT(A,D)
Co¢1,4)=DOT(B,C)
Co(4,5)=DOT(E,D)
Co(4,6)=DOT(C,D)

| COVARIANCE
Co(2,1)=Co(1,1)/N-5(3,1)%6(3,2)
Co(2,2)=Co(1,2)/N-5(3,1)%5¢(3,3)
Co(2,3)=Co(1,3)/N-6(3,1)X5(3,4)
Co(2,4)=Co(1,4)/N-5(3,2)%5(3,3)
Co(2,5)=Co(1,5)/N-5(3,2)%5(3,4)
Co(2,6)=Co(4,6)/N-S(3,3)86(3,4)
! CORRELATION COEFFICIENT
Co(3,4)=Co(2,1)/(5(4,1)85(4,2))
Co(3,2)=Co(2,2)/(S(4,1)%5(4,3))
Co(3,3)=Co0(2,3)/(5(4,1)%5(4,4))
Co(3,4)=Co0(2,4)/(S(4,2)%5(4,3))
Co(3,5)=Co(2,5)/(5(4,2)%8(4,4))
Co(3,6)=Co(P,6)/(S(A,3)KS(4,4))
SUBEND

]
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17130 SUB Store(M(X) ,XC(E),Y(¥),Z(X),R1(X),R2(K),U$(X) ,N,F$)
17440 OPTION BASE 4

17150 DIM A(100),B(100),C(400),D¢100),T$(100),ECL00),F(100)
17460 IF N¢=100 THEN Setsi '
$7170 IF (N>100) AND (N(=200) THEN Set=2

17480 IF (N>200) AND (N(=300) THEN Set=3

17490 IF (N>300) AND (N(=400) THEN Set=4

17200 INPUT * FILE NAME? *,F$

17210 PRINT “FILE=“;F$,"SETS=";Set,"N=";N

17220 CREATE F$,Set,7000

17230 ASSIGN #1 TO F$

17240 PRINT #1;Set

£7250 PRINT #4;N

! 17260 J=0

1727¢ Load:!

17280 FOR I={ TO 100

17290 IF I+JX100>N THEN Zero

17300 ACI)=W(I+IXL00)

17310 B(I)=X(I+JX400)

17320 CCID=Y(I+I%100) ;
17330 D(I)=Z(I+JXx400)
17340 EC(I)=Ri(I+I%5100)
17350 F(I)=R2(I+J%100)
8 I 17360 T$(I)=U$(I+I%100)
1. 17370 GOTO Next

17380 Zero:!
InT 17390 A(I)=0 ,

17400 EB(I)=0 I
17410 C(I)=0 |
. 17420 D(I)=0 ;
t j 17430 E(1)=0

; 17440 F(I)=0

j 17450 T$(I)="*
. 17460 Next:NEXT 1
- 17470 ' ON END #1 GOTO 16770
(-

i}

o ¥ o s s

17480 ¢ PAUSE

! 17490 PRINT #4;A0K) ,K(X),C(X),D(X),E(X),F(X),T$(X) -
P 17500 IF J+i=Set THEN SUBEXIT !
Lo 17510 J=J+4 . ?
| 17520 GOTO Load
. 17530 SUREND
17550 !




17560 SUR Delete_blok(W(E),X(K),Y(X),Z(X),R1(K),R2(X),T$(%),N,F$)
17570 OPTION BASE 1
17580 DIM We(400),Xe(400),Ye(400),Ze(400),Te$(400),R1e(400) ,R2e(400)
17590 PRINTER IS 0 ‘ :
17600 Sample:INPUT "FIRST SAMPLE IN BLOCK TO BE DELETED",Ni
17610 INPUT "LAST SAMPLE IN BLOCK TO BE DELETED",N2
17620 J=0
17630 FOR I=1 TO N
17640 Sampl:IF (I>=Nf) AND (I{(=N2) THEN Next
17650 J=J+4
17660 DISP I,J
17670 We(J)=W(I)
17680 Xe(J)=X(I)
17690 Ye(J)=Y(I)
17700 Ze(J)=Z(1)
17740 Rie(J)>=R4i(I)
: 17720 R2e(J)=R2(1)
17730 Tes(I=T$(I)
17740 Next: NEXT I
‘ 17750 N=J
17760 MAT WsWe
17770 MAT X=Xe
17780 MAT Y=Ye
17790 MAT Z=Ze

, 17800 MAT Ri=Rie
y 17840 MAT R2=R2e
B ; 17820 FOR I=1 TO N
A 17830 T$(I)=Tes$(I)

17840 NEXT I

17850 PRINT “SAMPLES";Ni;"THRU";N2;"DELETED, " ;N;"SAMPLES REMAIN"
. . 17860 INPUT "ANOTHER RLOCK TO DELETE?",A$
% 17870 IF A$="Y" THEN Sample
§ 17950 End:SUREND

17970 !
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17980
17990
18000
18004
18010
18020
18030
Sec

18034
18032
18037
18040
180414
18060
18070
18080
18084
18082
18090
18091
18100
181014
i8102
18410
18120
18130
18140
18450
18160
18470
18180
18190
18200
18240
18220
18230
18240
18250
18260
18270
18280
18290
18300
18310
18311
18312
18390

SUB Delete_td(W(k),X(X),Y(K),Z(X) ,R1(X),R2(K),TS(X),N,F$)
OPTION BASE 1
DIM We(400),Xe(400),Ye(400),Ze(400),Tes(400),R1(400) ,R2e(400)

Sec$="UXYZ"
PRINTER IS 0O
Sample:Ni=N
INPUT “SET CLIP LIMITS FOR WHICH SECONDARY? Wi, X2, Y3, Z4 *,

IF (Sec(i) OR (Sec)4) THEN Sample
PRINT RPTs("-",80)

PRINT “SETTING CLIP LIMITS FOR ";Sec$(Sec;tl
INPUT “CLIP LIMITS ?; MIN,MAX",L1,Ul
PRINT “UPPER=";Ul;"* LOWER=";L]

J=0

FOR I={ TO N

Sampl:ON Sec GOTO Tw,Tx,Ty,Tz

Tw:IF (W(IXCL1) OR (W(ID>U1) THEN Next
GOTO Keep

Tx:IF (X(IX<LY) OR (X(I)HU1l) THEN Next
GOTO Keep

Ty:IF (YC(I)CL1) OR (Y(I)>Ul) THEN Next
GOTO Keep

Tz:IF (Z¢I)<L1) QR (Z(I))>Ul) THEN Next
Keep:J=J+4

DISP 1,7

We(J)=W(I)

Xe(J)=X(I)

Ye(J)=Y(I)

Ze(J)=Z(I)

Rie(J)=R4(I)

R2e(J)=R2(1)

Te$(J)=T$(I)

Next: NEXT I

N=J

MAT MW=Ue

MAT X=Xe

MAT Y=Ye

MAT 2Z=Ze

MAT Ri=Rie -

MAT R2=R2e

FOR I=1 TO N

T$(I)=Tes$(1)

NEXT 1

PRINT Ni-N;"SAMPLES DELETED,";N;"SAMPLES REMAIN"
INPUT "“SET ADDITIONAL CLIP LIMITS?",Q$
IF UPCs$(Qsl4,1]1)="Y" THEN Sample
End : SUBEND




18400 SUB Track(Stat(x),0_set(X),Cav(X),R(X),Sample,Fs,Wt,Wf ,Angle,N)
18410 DEG
] 18420 OPTION BASE 1

18430 DEFAULT ON :
L : 18440 FIXED 2 7
: 18450 PRINT "LORAN~C POSITION ANALYSIS: ";F$
18451 Angle=Angle-4180
18452 IF Angle<0 THEN Angle=Angle+360
18460 PRINT TAB(S);“"FROM WP“;Wf;“ TO WP";Wt;",TRACK= ";Angle;" DEGREES"
18470 PRINT “REFERENCE WAYPOINT=";Wt t

18480 Slope=R(1,1)
18490 IF R(3,1)=2 THEN Slope=4i/Slope
18500 A=ATN(1/Slape)
18540 IF Slope{(0 THEN A=A+180
18520 IF ACO THEN A=A+360
18530 PRINT TAR(S);"RMS TRACKLINE=";A;" DEGREES"
18540 PRINT TAEB(S);"AVE CROSS TRACK DISTANCE=";(0_set(3)+Stat(3,3))%X1000;
: * METERS"
18550 PRINT TAR(S);"STD DEV CROSS TRACK DISTANCE=";Stat(4,3)%1000;" METER
Sll
18560 FIXED 3
18570 PRINT TAB(S);"AVE X P0OS=";0_set(1)+Stat(3,1);“KM";TAB(40);"Y POS=";0_
| set(2)+485tat(3,2); "KM"
‘ 18580 PRINT TAB(S);"STANDARD DEV X=";Stat(4,1)%X1000;" METERS";TAR(40);"Y=";
Stat(4,2)%1000; "METERS"
) 18590 SUREND




18600 SUB Triangle(Sa,8b,Sc,A,B,C)
18640 INTEGER E
18620 DEG
. 18630 S=(Ba+Sbh+8c)/2 ‘ )
18640 ON ERROR GOTD 18660
18650 GOTD 18480
18660 PRINT "ERROR 25";A;5;Sa;8b;Sc
18670 SUBEXIT
‘ 18680 A=ACS(2%XS%X(S-S5a)/(SbxSc)-1)
: 18690 D=Sa/SIN(A)
18700 B=ASN(Sb/D)
18740 C=ASN(Sc/D)
‘ 18720 OFF ERROR
{ 18730 E=A+B+C
_ 18740 IF (A(90) AND (E<()>180) THEN Alt
1 18750 SUBEXIT
18760 Alt: IF Sb(Sc THEN Alt2
18770 E=480-B
18780 E=A+R+C
18790 SUREXIT
18800 Alt2: C=i180-C
18840 E=A+R+C
18820 SUBEND

T e S e e e v
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1 ‘
| 186306 SUB Position(Za(X%),Alpha,8c,8ign,B,X,Y)
‘ 18840 DEG
18850 OPTION BASE 1§
‘ 18860 Theta=Alpha+SignXB’
| 18870 X=Zo(1)+8SckSIN(Theta) ;
| 188680 Y=Z0(2)+8Sc¥C0S(Theta) !
} 18890 SUREND k
| |
|
i
{
i
| 1
R {
:" )
¥
| S
l
t 4
]
]
: |
M li E
B-115 ‘
\‘L - ‘._’.;'.'.. “ ) ')#-- .",ﬂg?m’"
R




18900 SUB Dif(Stat(Xx),0_set(X),N,F$,Re,Ree)

18940 DEG

18920 OPTION BASE 1§ _

18930 DEFAULT ON )

18940 PRINT “ANALYSIS OF LORAN-C VS NINI—RANGER DATA; FILE=“;F$

18950 PRINT “——-o—ommm oo e - ——
18960 PRINT TAB(S);“AVE ERROR IN X- DIRECTION="; 3(0_set(3)+5tat(3,3))X1000;"N
ETERS*

‘ 168970 Rms=(Stat(2,3)/N+2%0_set(I)X(0_set(I)+5tat(3,3))+0_set(3)*2)*,5%1000
f 18980 PRINT TAE(S);"RMS ERROR IN X-DIRECTION=";Rms; “METERS" '
: 18990 PRINT TAH(S);"AVE ERROR IN Y-DIRECTION=";(0_set(4)+Stat(3,4))%1000;"M
ETERS"
‘19000 Rms=(Stat(2,4)/N+2X¥0_set(4)%(0_set(4)+Sto01(3,4))+0_set(4)~2)*.5%1000
19040 PRINT TAR(S);"RMS ERROR IN Y-DIRECTION-"'RMS;“HETERS" H

' 19020 PRINT

19030 PRINT TAB(S);"AVE CROSS TRACK ERROR=";(0_set(2)+5tat(3,2))%1000; "METE
RS*"

19040 Rms=(S5tat(2,2)/N+2K0_se t(2)X(0_set{2)+S5tat(3,2))+0_set(2)42)".5%4000
19050 PRINT TAB(S)'“RHS CROSS TRACK ERROR-"'RMS;"METERS“

19060 PRINT TAB(S);"AVE ALONG TRACK ERROR=";(0_set(1)+Stat(3,1))%1000; "METE
RS*

19070 Rms=(Stat(2,1)/N+2X0_set(1)¥(0_set(1)+Stat(3,1))+0_set(1)*2)*,5%1000
19080 PRINT TABR(S);"RMS ALONG TRACK ERROR=";Rms;"METERS"

19090 PRINT

19400 PRINT TAR(S);"RMS RADIAL ERROR(XY)=";Re;"METERS"

+R 8 19440 PRINT TAR(S);"RMS RADIAL ERROR(CT/AT)=";Ree;"METERS"

19420 SUBEND

g
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194130
19140
19150
19160
19170
19180
19190
19200
19240
19220
19230
19240
192%0
19260
19270
19280
19290
19291
19292
19293
19294
19295
192%6
19297
19300
19340
19320
19330
19340
19350
19360
19370
19374
19380
19390
19400
19410
19420
19430
19434
19432
19433
19434
1943S
19436
19427
19440
19450
194690
19470
19480
19490

SUB Plot_err(Ex(%),Ey(X),N,At(X),R,P)
PLOTTE? 18 13, "GRAPHICS"
GRAPHICS
LOCATE 0,165,5%,400
CALL Hi_lo(At(X) ,N,Xmax,Xmnin)
XMin=MINCD,Xmin)
Xmax=MAX (Xmax ,R)
SCALE Xmin,Xmax,-.40,.10
AXES .10,,04,0,0,40,10
FOR I=4 TO N !
L ORG S |
MOVE At(I) ,Ex(I)
LABREL USING "#$,K";"X"
! MOVE I,Ey(I)
NEXT 1
MOVE R, 0
LAREL USING “#%,K";"1" "
MOVE .S,.40
LORG 3
LABEL USING "#,K";"400 M"
LORG 1§
MOVE .S,-.40
LAREL USING "“&,K";"-4100 M"
LORG &
MOVE R/2,-.0S
IF P=2 THEN 19340
LAREL USING "#,K";"X-ERROR VS ALONG TRACK DISTANCE (KM)*"
GOTO 19350
LABEL USING "#,K";"At-ERROR VS ALONG TRACK DISTANCE (KM)*
LOCATE 0,100,0,45
SCALE Xmin,Xmax,-.40,.10
AXES ,10,.04,0,0,10,40
LORG S
FOR I=4 TO N
MOVE At(I),Ey<I)

LABEL USING “#,K";"Y*"
NEXT 1
MOVE R, 0
LABEL USING:"#,K";"I"
MOVE .5,.10
LORG 3
LABEL USING "#,K";"100 ns*
LORG 1
MOVE .S,-.40

LABEL USING “#,K*;"-100 ns"
LORG S 4
MOVE R/2,-.0S

IF P=2 THEN 19480

L AREL USING "#,K*;"Y-ERROR US ALONG TRACK DISTANCE C(KM)*"
SUBEXIT

LAKEL USING “#,K*";“Ct-ERROR US ALONG TRACK DISTANCE (KM)"
SUBEND




19500
19510
19520
19530
19540
19550
19560
19570
19580
19590
19600
19610
19620
19630
19640
19650
19660
19670
19680
19690
19700
19710
19720
19730
19740
19750
19760
19770
19780
19790

SUB X_errplot(T,Ax(X),Ay(Xx),Bx(X) ,Ry(X) ,Minx ,Maxx ,Miny ,Maxy,N)
DIM L$(8B0]
PLOTTER IS 43, "GRAPHICS"

GRAPHICS

LOCATE 0,400,10,400

FRAME

SHOW Minx—.,1i,Maxx+.4,Miny~.1 ,Maxy+.1

AXES .4,.4,Minx,Miny,410,410
GRID 2,2,Minx,Miny,1,4

LINE TYPE 7T

MOVE Ax (1) ,Ay(1)

LORG S

CSIZE 14

FOR I=4 TO N

MOVE Ax(I),Ay(I)

DRAW EBx(I),Ry(I)

LAREL USING “#,K";"0"

NEXT I

Label:!

L.OCATE 0,100,0,10

SCALE 0,100,0,410

CSIZE 3.0

L$="ERROR PLOT: MINI-RANGER FIX(.) LORAN-C FIX(o0)"
MOVE S0,5

LABEL L%

PAUSE

INPUT "HARD COPY? Y OR N",HS$
IF H$="Y" THEN DUMP GRAPHICS
EXIT GRAPHICS

SUBEND




19800 SUB Warp(X(X),Y(X),Z(%),Zx(%X),Zy(%),Zo(%),To(X),Zxnit(%),V,N,At(X),R,
Wt,Ws,Conf,F8)

19810
19820
19830
19840
19850
19860
19870
19880
19890
19900
19910
19920
19930
19940
19950
19960
19970
19980
19990
20000
20010
,6)

20020
20030
20040
20050
20060
20070
20080
20090
20100
20440
20120
20130
20140
20450
20160
20470
20480
20190
20200
20210
20220
20230
20240
20250
20260
20270
20280
20290
20300
20340
20320

| FUNCTION CALCULATES DIFFERENCE BETWEEN MEASURED TDs AND TDs
! PROJECTED FROM A NEARBY WAYPOINT USING HYPERBOLIC GEOMETRY

INPUTS:

X(X),Y(X),Z(X)~ MEASURED TD ARRAYS( NOT NECESSARLY TDX,TDY,TDZ)
Zx(X),2y(%x)~ POSITION DATA CALCULATED FRON MINI-RANGER DATA
Zo(Xk)- WAYPOINT POSITION

To(x)- WAYPOINT TDs

Zxmit(k)~ TRANSMITTER XY POSITIONS

At(k)- ALONG TRACK DISTANCE ARRAY

Wt,Wf- WAYPOINT TO AND WAYPOINT FROM

F$~-DATA FILE NAME

R- RANGE BETWEEN WAYPOINTS

V- VELOCITY OF PROPOCATION

N- NUMEBER OF SAMPLES

Conf- CHAIN CONFIGURATION; 4i=XYZ, 2=uWXY, 3=WXZ, 4=WYZ

CALCULATED:

Xe(Xk),Ye(X),Ze(Xx)-TD ERROR ARRAYS
Stat(x),0 _set(X),Cov(x)~ STATISTICS OF TD ERRORSs

OPTION BASE 4
DEFAULT ON
DIM R(4),T1(3),T2(3),Xe(400),Ye(400),Ze(400),5tat(4,4),0_set(4),Cov(3

DIM L$(8C]

MAT Xe=(0)

MAT Ye=(0)

MAT Ze=(0)

! CALCULATE h(Zo)=(Range_secondary-Range_master)/Velocity_propogation
FOR I={ TO 4
RCIN=SQAR((Zo(1)-Zxmit(I,4))*2+(Z0(2)~-Zxnit(I,2))*2)
NEXT I

FOR I=t TO 3

T4(I)=(R(I)-R(4))H>/V

NEXT 1

! CALCULATE h(Zi); Error=(TDi-TDo)~-(h(Zi)-h(Zo))
FOR I=4 TO N

! CALCULATE h(Zi)

FOR J=1{ TO 4
R(II=SAR((Zx(I)-Zxmit(J, 1)) *2+(Zy(I)-Zxmit(J,2))*2)
NEXT J

FOR J=4 TO 3

T2(J)=(R(J)-R(4))/V

NEXT J

! CALCULATE Error=(TDi~-TDo)-(h(Z1)-h(Z0o))

Xe(I)=X(I)-To(1)-(T2(1)-T1(41))
Ye(I)=Y(I)-To(2)-(T2(2)-TL(2))
Ze(X)=Z(I)-To(3)~(T2(3)-T1(3))

NEXT 1

Smooth:!

FOR I=2 TO N-4
Xe(I)=,7%kXe(I-1)+,3%Xe())
Ye(I)=,7%Ye(I~1)+,3%Ye(I)
Zel{l)=,7%Ze(I1-1)+.3%Ze(1)
NEXT 1




i

|
L 5 20330 ! CALCULATE TD ERROR STATISTICS
- ; 20340 CALL Stat_mat(At(X),Xe(k),Ye(Xx),Ze(%),Stat(¥),Cov(%x),0_set(X),N)
20350 ! PRINT RESULTS

; ; 20360 IF Conf=i THEN L$="TDX~ERROR TDY-ERROR TDZ-ERROR®
: 20370 IF Conf=2 THEN L$="TDW-ERROR TDX-ERROR TDY-ERROR "
‘ 20380 IF Conf=3 THEN L$="TDW-ERROR TDX~ERROR TDZ-ERROR*
20390 IF Conf=4 THEN L$=“TDW-ERROR TDY-ERROR TDZ-ERROR "
- 20400 FIXED 0
20440 PRINT “FILE=";Fs$;" REFERENCED TO WAYPOINT®;Mt;":"
F 20420 PRINT TAE(10);L$
20430 FIXED 3

20440 PRINT "AVE";TAB(10);5tat(3,2)+0_set(2);TAB(25);5tat(3,3)+0_set(3);TAB
(40);Stat(3,4)+0_set(4)

20450 PRINT "STD DEV";TAE(10);Stat(4,2);TAB(25);5tat(4,3);TAB(40);5t0t(4,4)
20460 ! PLOT DATA

20470 CALL T_errplot(Xe(X),Ye(X),Ze(¥),At(X),R,N,Conf,Wt,Wf,F$)

20480 SUBEND

20490
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20500
20510
20520
20530
20540
20550
20560
20570
20580
20590
20600
20610
20620
20630
206490
20650
20660
20670
20680
20690
20700
20740
20720
20730
20740
20750
20760
20770
20780
20790
20800
208180
20820
20830
20840
20850
20860
20870
20880
2089L
20900
20910
20920
20930
20940
20950
20960
20970
20980
20996
21000
21010
21020
21030
21040

SUB T_errplot(A(x),B(X),C(¥),At(X),R,N,Conf Ut ,Wf,Fs)
DEG

! PLOT TD ERROR DATA VS ALONG TRACK DISTANCE

1 CALCULATE MIN AND MAX OF ERROR ARRAYS !

CALL Hi_lo(A(X),N,Maxa,Mina) |

CALL Hi_lo(B(x),N,Maxb,Minb) l

CALL Hi_lo(C(X),N,Maxc,Minc) |
! CALCULATE MIN AND MAX OF ALONG TRACK DATA

CALL Hi_lo(At(X),N,Maxat,Minat)

! GENERATE Y-AXIS LABELS

IF Conf=1 THEN Li$="TDX"

IF Conf<(>% THEN Li$="TDW"

IF (Conf=2) OR (Conf=3) THEN L26="TDX"

IF (Conf=1) OR (Conf=4) THEN L2%="TDY"

IF Conf(>2 THEN L3$="TDZ"

! PLOT A(X) DATA ON TOP QUARTER OF SCREEN

PLOTTER IS 13,“GRAPHICS"®

GRAPHICS

LORG S

LOCATE 10,120,75,100

Miny=MIN(-.1 ,Mina)

Maxy=MAX(.1,Maxa)

Minx=MINC(O,Minat)

Maxx=MAX(R ,Maxat)

SCALE Minx,Maxx,Miny,Maxy

AXES .41,.01,0,0,10,40

MOVE At(1),A(1)

FOR I=1 TO N

DRAW At(I) ,A(I)

NEXT I

MOVE R,0

LAREL "I*

MOVE -(Maxat-Minat)/30,0

LDIR 90

LABEL Lis

LDIR 0

' PLOT R(x) DATA

LOCATE 10,120,48,73

Miny=MIN(-,2,Mind)

Maxy=MAX (.41 ,Maxb)

SCALE Minx ,Maxx,Miny,Maxy

AXES .4,.014,0,0,10,10

MOVE At (1) ,B(1)

FOR I=f TO N

DRAW At(I),B(I)

NEXT 1

MOVE R,0

LAREL "I°

MOVE -(Maxat-Minat)/30,0

LDIR 90

LABEL L2¢

LDIR ©

' PLOT C(x) DATA

LOCATE 10,120,20,4S

Miny=MIN(-,4,Minc) |




. L3N

21050
21060
21070
21080
21090
21100
21110
214120
21130
21140
21150
21160
21170
21180
21190
21200
21210
21220
21230
21240
21250
21260
21270
21280
21290
21300
21310
21320
21330
21340
243590
21360
21370
21380
21390
21400

Maxy=MAX(.i,Maxc)

SCALE Minx,Maxx,Miny,Maxy
AXES .41,.041,0,0,10,40
MOVE At(41),C(4) ’ '
FOR I={ TO N

DRAW At(1),C(I)

NEXT I

MOVE R, 0

LAREL “I°

MOVE -(Maxat-Minat)/30,0
LDIR 90
LAREL L3¢
LDIR O

' LABREL

FIXED 0

LOCATE 0,120,0,20

SCALE 0,120,0,20

MOVE 10,48

LAREL Wt

MOVE 120,18

LABEL Wf

MOVE 60,45

LAREL “VERTICAL=100 NANOSEC/MAJOR DIV HORIZONTAL=1 KM/MAJOR DIV*
MOVE 60,12

LAEBEL “"SMOOTHED TD ERROR VS ALONG TRACK DISTANCE"

Ws=VAL$ (W)

MOVE 60,9

LAREL "REFERENCED TO WAYPOINT "&uWs

MOVE 60,6

LAREL "FILE="&F$

' HARD COPY

PAUSE

INPUT "HARD COPY? Y OR N",Hcs

IF Hc$="Y" THEN DUMP GRAPHICS

EXIT GRAPHICS

SUEBEND
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241410 SUB Psevdo(Glat,Glon,R(X),Plat,Plen)
21420 OPTION BASE 1§
21430 RAD ,
21440 DIM X(3),T(I) '
21450 T(1)=CDS(Glat)XCOS(Glon)
' 24460 T(2)=C0S(Glat)XSIN(Glon)
21470 T(3)=SIN(Glat) -
21480 MAT X=RXT f
21490 H=B8QR(X(1)*2+X(2)*2)
: 24500 Plat=ATN(X(3)/H)
‘ 24510 Plon=ATN(X(2)/X(1))
21520 SUBEND
; 21%30 !

-
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21600 SUB Rotate(Glat,Glon,R(X))
21610 RAD
21620 OPTION BASE 1
21630 R(1,41)=C0S(Glat)xC0OS(Glon) :
21640 R(2,1)=-8IN(Glon)
21650 R(3,1)=-8IN(Glat)¥C0S(Glon)
21660 R(1,2)=C0S(Glat)%XSIN(Glon)
\ 21670 R(2,2)=C0S(Clon)
21680 R(3,2)=-SIN(Glat)XSIN(Glon)
21690 R(1,3)=5IN(Glat)
| 24700 R(2,3)=0
21740 R(3,3)=C0S(Glat)
21720 SUREND
21740 !
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21750
21760
21770
21780
21790
21800
21810
21820
21830
21840
21850
21860
21870
21890

SUB Cart(Plat,Plon,X,Y)
OPTION BASE &

RAD

R=6378.13S
Cos=COS(Plat)XCOS(Plon)
8in=8QR(4~-Cos*2)
Theta=ATN(Sin/Cos)
S8=RXThe ta
Sin=SIN(Plat)/SIN(Theta)
Cos=SIN(Plon)%COS(Plat)/SIN(Theta)
X=5%Cos

Y=8%8in

SUBEND

)




21900 DEF FNGlat(Rlat,F)

21910 RAD

21920 RETURN ATN((i-F)*2%TAN(Rlat))

21930 FNEND ’ !

21950 !}

i
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18 !
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. ‘
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B !
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b !
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T 21960
‘ 21970

21980

21990
' 22010

22020
: 22030
22040
22060
22070
22090
22100
22110
22160
22170
222710
22280
22290
22291
22300
22310
223114
22320
22330
22331
22340
22350
22360
22370
223714

SUB Ref_flile(R(x) ,R$(X),Rps)

{ PROGRAM TO STORE POSITION REFERENCE DATA

OPTION PASE 1§

PRINTER IS © ) )
INPUT "REFERENCE POSITION FILE NAME?",Rps

Fa=4

INPUT "IS THIS FILE PRESENTLY ON TAPE?",Ex$

IF UPC$(Ex$)="N" THEN CREATE Rp$,4

Cont:ASSIGN #1 TO Rpe

IF UPC$(Ex$)="Y" THEN READ #1;R$(X),R(X)

Opt:INPUT “MODIFY/CREATEL, LIST2, SAVE3, QUITA",Opt
IF (Opt<(1) OR (Opt>4) THEN Opt

ON Opt GOTO Input,List,File,End

Input:FOR N=4{ TO 3

INPUT “LABEL?",R$(N)

INPUT *X-POSITION?“,R(N,1)

INPUT "Y-POSITION?",R(N,2)

PRINT N;R$(N);TAB(20) ;R(N,1);TAB(3D);R(N,2)

NEXT N

GOTO Opt

List: PRINT LINC(S);"POSITION REFERENCE FILE: ";Rp¢
FOR I=1 TO 3

PRINT I;R$(XI);TAB(2S);R(I,4) ;TAR(IS);R(I,2)

NEXT 1

PRINT LIN(S)

GOTO Opt

File:ASSIGN #1 TO Rps

PRINT #1,1;R$(X),R(X)

End : SUBEND
'
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22380
22390
22400
22410
2242¢
22430
22440
22450
22460
22470
22480
22490
22500
225410
22520
22530
22540
22550
22560
22570
22580
22590
22600
226140
22620
22630
22640

22650

22660
22670

22680

22690
22700
22720
227490

SUB Delete_rg(W(X),X(X%),¥Y(X),Z(X),R1(X) ,R2(X),TS(%) ,N,F$)

OPTION BASE 4

DIM We(400),XeC400),Ye(400),Ze(400),Te$(400),R12(A00),R2e(400)

PRINTER IS 0 ) )

J=0

FOR I=4 TO N

IF (I=4) OR (I=N) THEN 22470

Sampl: IF ABS(RL(II=(RL(I+LI+RIC(I-1))/2)5400 THEN Next
IF ABS(R2(I)-(R2(I+1)+R2(I-1))/2)>100 THEN Next

J=J+4

DIsSP 1,J

He(J)=uW(I)

Xe(J)=X(I)

Ye(J)=Y(I)

Ze(J)=Z2(1)

Rie(J)=R4(I)

R2e (J)=R2(I)

Tes(J)=T$(I1)

GOTO 22580

Next:PRINT "SAMPLE DELETED=%;I

NEXT I

Delete=N~-J

N=J

MAT
MAT
MAT
MAT
MAT
MAT

W=We
X=Xe
Y=Ye
Z=Ze
Ri=R1ie
R2=R2e

FOR I=1 TO N
T$(I)=Tes(I)
NEXT I
PRINT “SAMPLES DELETED=";Delete;” SAMPLES REMAINING=";N

End : SUBEND
!

i
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22750
22760
22770
22780
22790
22800
22810
22820
22830
22840
22850
22860
22870
22880
22890
22900
229140
22920
22930
22940
22950
22960
22964

SUB Cart_coord(X(%),Lat,Lon,Z{(%x))!
OPTION BASE 1§
i CALCULATE XY COORDINATES OF TRANSMIYTERS(Z(Xx)) UITH RESPECT

{ TO LLOCAL GRID ORIGIDN{(Lat,Lon)

! INPUT: TRANSMITTER GEODETIC POSITIONS X (%)

! LAT AND LON OF LOCAL GRID ORIGION; Lat,Lon
! OUTPUT: TRANSMITTER XY POSITIONS; Z(x)

! SEE APL TECH NOTE

DIM G(4,2),P(4,2),Rotate(3,3)

F=, 00335278

Rlat=LatxP1/180

Rlat=FNGlat(Rlat,F)

Rlon=LonkxP1/480

CALL Rotate(Rlat,Rlon,Rotate(x))

FOR I=41 TO 4

G(Y,1)=X(1,4)%P1/480D

G(I,1)=FNGlat(G(I,1),F)

G(I,2)=X(1,2)%P1/180

CALL Pseuvdo(G(I,1),G(I,2),Rotate(x),P(I,1),P(I,2))
CALL Cart(P(I,1),P(I1,2),Z(1,4),Z¢1,2))

NEXT I

SUBEND

'




23030 SUB Wp3(MW(X),C,W,T(X),Z(Xx),Ls)

23040 OPTION BASE 1

23050 |} SELECT THE 3 TDs TO BE USED AS THE WAYPOINT(T(Xx)) FOR THE
23060 ' 3-TD FEHG SOLUTION BASED ON THE CHAIN CONFIGURATION(C)
23070 ! INPUTS: ’

. 23080 ! W(X); WAYPOINT TABLE
23090 ! C3; CHAIN CONFIGURATION, 1i=XYZ, 2=WXY, 3I=WXZ, 4=WYYZ
23400 ! W; WAYPOINT NUMBER
23140 ! OUTPUTS:
23420 ! T(x); WAYPOINT TDs
1 23430 ! Z<(X); WAYPOINT XY POSITION ;
23440 ! L$; LABEL i
23450 Z(4,1)=W(W,S) E
23160 Z(2,1)=W{U,6)
23170 ON C GOTO Xyz,Wxy,Wxz,Wyz
23180 Xyz:!
23190 T(1,1)=U(W,2)
23200 T(2,4)=W(W,3)
23210 T(3,1)=W(¥,4)
23220 Lé="XYZ"
23230 SUBEXIT
23240 UWxy: !
23250 T(1,4)=W(W,1)
23260 T(2,1)=u(W,2)
23270 T(3,4)=UW(W,3)
23280 Le$="WXY"
23290 SUREXIT
i 23300 Wxz:!
i# 23310 T(1,10)=W(Y,1)
i 23320 T(2,4)=W(W,2)
¥ 23330 T(3,4)=U(W,4) 1
23340 Le="WXZ" 4
23350 SUREXIT
23360 Wyz: ! i
23370 T(1,0)=UW(W,1) |
g 23380 T(2,4)=W(W,3)
. 23390 T(3,1)=W({W,4)
‘ 23400 Le="WYZ" R
23440 SUBEND . i

23430 ¢

Papoi- ot MR &

Pt 2 S R




23440 SUB Td3(W(X),X{(X),Y(x),Z(x%),I,C,T(x)) j
23450 OPTION BASE 1 :
23460 ! SELECTS THE PROPER TD SAMPLES FOR CALCULATING XY POSITION

23470 ! BASED ON CHAIN CONFIGURATION AND 3-TD FEHG SOLUTION

23480 | INPUTS:

23498 ! WOK) ,X(X) ,Y(X%),Z(X); TD DATA ARRAYS

23500 ! I; SAMPLE NUMBER

23540 ! C; CHAIN CONFIGURATION i=XYZ, 2=WXY, 3=WXZ, 4=WYZ

23%20 ¢ OUTPUT: :
23530 ! T(X); TD SAMPLE ]
23540 ON C GOTO Xyz,Wxy,Wxz,Wyz ;
23550 Xyz:!

23560 T(1,1)=X(I)

23570 T(2,4)=Y(]) !
23580 T(3,4)=Z2(1)

235990 SUBEXIT ;
23600 Uxy: {

236410 T(4,4)=W(CD)
235620 T(2,4)2=X(1)
23630 T(3,1)=Y(I)
23640 SUBEXIT
23650 Wyz: !

23660 TL,0)=W(I)
23670 T(2,1)=Y(1)
23680 T(3,4)=2(1)
23690 SUBEXIT
23700 Wxz: !

23710 T¢1,4)=UW(CI)
23720 T¢2,4)=X(1)
23730 T(3,4)=Z¢1)
23740 SUREND

23760 !




P 23770 SUB Mp2(W(X),C,W,T(X),P,Z(%),612(X),623(%),GL3(X),6(%),Ls,Zx (%), Zxt(x

23780 OPTION BASE 1 .
23790 | SELECT WAYPDINT TDs,POSITION,TRANSMITTER POSITIONS AND G-MATRIX FOR

2-TD FEHG SOLUTION
' 23800 ! FEHG SOLUTION BASED ON CHAIN CONFIGURATION AND DESIRED TD PAIR

23810 ! INPUTS:

23820 ! W(X); WAYPOINT TABLE

23830 ! C; CHAIN CONFIGURATION i=XYZ, 2=WXY, 3=WXZ, 4=WYZ
23840 P; TD PAIR

23850 | GL2(X),G23(X),6G13(X); 2-TD G-MATRICES

23860 ! Zx(X); TRANSMITTER POSITIONS

23870 ! OUTPUTS:

23880 ! T(X); WAYPOINT TDs

23890 ! G(X); G-MATRIX

23900 ! Z(X); WAYPOINT POSITION

23910 ! Zxt(X); TRANSMITTER POSITIONS FOR 2-TD SOLUTION

azean ! L$; LABEL

23930 Z(4,1)=U(W,S)

23940 Z(2,1)=W(UW,6)

23950 Zxt(3,41)=Zx(4,1)

23960 Zx1(3,2)=Zx(4,2)

23970 ON C GOTO Xyz,Wxy,Wxz,Wyz

23980 Xyz:!

23990 INPUT “INPUT TD PAIR; XY&, XZ2, YZ3",P
24000 ON P GOTO Xy,Xz,Yz

240410 Wxy:! i
24020 INPUT "INPUT TD PAIR; WXi, WYZ2, XY3",P
24030 ON P GOTO Wx,Wy,Xy

24040 Wxz:!

24050 INPUT "INPUT TD PAIR; WXt, WZ2, XZ3",P
24060 ON P GOTO Wx,Wz,Xz

24070 UWyz:!

: 24080 INPUT "INPUT TD PAIR; WY1, WZ2, YZ3*,P
! 24090 ON P GOTO Wy,Wz,Yz

! 24400 Wx:!

| 24140  T(4,1)=W(W,1)

; 24120 T(2,4)=W((W,2)

. 244130 Le="UWX"* °
v 241 40 GOTO Xmit_sel

. 244150 Wy:

24160 T(1,1)=W(W,1) .
24170 T(2,4)=W(W,3)

24180 Le="yYy*

244190 GOTO Xmit_sel

24200 W2:

24210 T(1,1)=W(yW,1)

24220 T(2,4)=W(W,A)

7. 24230 Le="WzZ"

24240 GOTO Xmit_sel

24250 Xy:

242610 T¢L,1)=W(MW,2)

24270 T(2,1)=W(W,3)

24280 Le="XY"

24290 GCOTO Xmit_sel

— et




24300 Xz:
24340  T(4,1)=M(W,2)
24320 T(2,1)=M(W,4)
24330 L$="X2"
‘ 24340 GOTD Xmit_sel
24350 Yz: |
‘ 24360 T(4,4)=W(W,3)
24370 T(2,1)=W(UW,4)
24380 L$="YZ“
24390 GOTO Xmit_sel
24400 Xmit_sel: !
24410 ON P GOTO X12,X13,X23
24420 X12:!
24430 MAT G=G12
24440 Zxt(4,1)=2x(41,1)
24450 Zxt(4,2)=Zx(4,2)
] 24460 Zxt(2,4)=Zx(2,1)
3 24470 Zxt(2,2)=2x(2,2)
24480 SUREXIT
; 24490 X13: ]
; 24500 MAT G=Gi3
: 24540 Zxt(4,1)=Zx(1,4)
24520 Ixt(1,2)=Zx(41,2)
24530 Zxt(2,1)=Zx(3,1)
24540 Zxt(2,2)=Zx(3,2)
24550 SUBEXIT
24560 X23: ! ;
24570 MAT G=G23 ;
24580 Zxt(4,4)=Zx(2,1) :
24590 Zxt(1,2)=7Zx(2,2)
24600 Zxt(2,1)=Zx(3,1)
24610 Zxt(2,2)=Zx(3,2)
24620  SUBEND
24640 !




24650 SUB Td2(W(X) ,X(X),Y(%),Z(%),I,C,P,T(X))
24660 ! SELECT THE PROPER TD SAMPLES FOR CALCULATING XY POSITION
24670 ! BASED ON CHAIN CONFIGURATION, TD PAIR, AND 2-TD FEHG SOLUTION

24680 ! INPUTS:

24690 ! WCK) ,X¢K),Y(X),Z(%); TD DATA ARRAYS
| 24700 ! I; SAMPLE NUMBER

24740 ! C; CHAIN CONFIGURATION

24720 P; TD PAIR

24730 | OUTPUT:

24740 ) TC(X); TD SAMPLE

24750 OPTION BASE ¢
24760 ON C GOTO Xyz,Wxy,Wxz,Wy2z
24770 Xyz:1

24780 ON P GOTO Xy,Xz,Yz
24790 Mxy:!

24800 ON P GOTO Wx,Wy,Wz
24810 Wxz:!

24820 ON P GOTO Wx,Wz,Xz
24830 UWyz:!

24840 ON P GOTO Wy,Wz,Yz
24850 Wx:!

24860 T(4,4)=W(I)

24870 T(2,1)=X(1)

24880 SUREXIT

y | 24890 Wy: !

i 24900 T(4,1)=W(I)
4 24910 T(2,1)=Y(D)
| 24920 SUBEXIT

0 24930 Wz:!

24940 T(1,4)=W(I)
24%50 T(2,4)=2(1)
24960 SUEREXIT
24970 Xy:!
24980 T(1,4)=X(I)
24990 T(2,1)=Y(])
t ’ 25000 SUBEXIT
! 1 25010 Xz:! ;
- 25020 T(1,1)=X(I) '
. 25030 T(2,4)=2(1)"
- 25040 SUBEXIT

o 25050 Yz!
, 25060 T(i,1)=Y(I)
‘ 25070 T(2,1)=Z2(I)
25080 SUREND j
25100 !
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25110
25120
25130
25140
25150
25160
25170
25180
25190
25200
25210
asaag
25230

25240

25250
25260
25270
25280
25290
25300
25310
25320
25330
25340
25350
25360
2%370
25380
25390
25400
25410
254240
25430
25440
25450
25460
25470
25480
25500

SUB Wpf2(W(X),C,P,W,T(X))
! SELECTS PRDPER Tbs FROM WAYPOINT FILE FOR caLCULATION oF
! THE “FROM" WAYPOINT POSITION USING THE 2-TD FEHG SOIUTION
t INPUTS:
W(k); WAYPOINT FILE
C; CHAIN CONFIGURATION
P; TD PAIR
W; WAYPOINT FROM
OUTPUT:
{ T(x); 2-TD WAYPOINT FOR WAYPOINT FROM
ON C GOYTO Xyz Wxy,Wxz,Wyz
Xyz: ON P GOTO Xy,Xz,Y2
Wxy: DN P GOTO Wx,Wy,Xy
Wyz: ON P GOTO Wy,Wz,Yz
Wx:!
T(1,40)=W(W,1)
T¢2,4)=4(U,2)
SUBEXIT
Wy:!
T(1,1)=(U, 1)
T¢2,1)=W(W,3)
SUREXIT
Wzt
T¢1,1)=W(uW,1)
T(2,1)=W(W,4)
SUREXIT
Xy !
T(d,4)=W(l,2)
T(2,1)=W(W,3)
SUREXIT
Xz:!
T¢(1,4)=W(W,2)
T¢2,1)=W(u,8)
SUREXIT
Yz:!
T¢(1,1)=W(W,3)
T(2,1)=W(W,4)
SUREND
'
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25510
25520
25530
25540
25550
25560
25570
25%80
255920
25600
256014

SUB Rb(X1,Yi,X2,Y2,B,R)
DEG

DEFAULT ON

Dx=X2-X1

Dy=Y2-Y1

R=SQR (Dx*2+Dy*2)
B=ATN(Dx/Dy)

IF Dy<D THEN B=B+i80
IF B(O THEN B=B+360
SUBEND

!




26180 SUB Compar(Pos_x(¥),Pos_y(X) ,Zx(%),Zy(%),At(%),Ct(X),Att(X),Ctt(%),F$

1 ,N,R)
i 26190 DIM Ae(400),Ce(400),Xe(400),Ye(400),5tat(4,4),Cov(3,6),0_seti4)
26200 | COMPARE MINI-RANGER AND LORAN~C POSITIONS
26210 Re=0

26220 Ree=0
! 26230 FOR I=4 TO N
: 26240 Xe(I)=Pos_x(I)-Zx(I)
26250 Ye(l)=Pos_y(I)-Zy(I)
26260 Ce(I)=Ct(I)-Ctt(I)
26278 Ae(I)=At(I)-Att(I)
26280 Re=Re+((Xe(1)X1000)*2+(Ye(I)X1000)+2)
26290 Reez=Ree+((Ce(INX10080)42+4(Ac(I)%1000)°2)
26300 NEXT I
263410 Re=(Re/N)*.S
26320 Ree=(Ree/N)*.S
2630 CALL Stat_mat(Ae(x) ,Ce(Xx) ,Xe(X),Ye(X) ,S5tat(X),Cov(X),0_set(Xx),N)
26340 FIXED 3
26350 PRINTER 1S 0
26360 CALL Dif(Stat(x),0_set(x) ,N,F$,Re,Ree)
26370 CALL Plot _err(Xe(X),Ye(Xx),N,Att(X),R,1)
26380 PAUSE
26390 INPUT “HARD COPY?,Y OR N",HS$
26400 IF H$="Y" THEN DUMP GRAPHICS
26410 CALL Plot_err(Ae(Xx),Ce(Xx),N,Att(X),R,2)
26420 PAUSE
° 26430 INPUT "HARD COPY?,Y OR N",HS$
SRR 26440 IF H$="Y" THEN DUMP GRAPHICS
26450 EXIT GRAPHICS
1 26460 SUBEND

B-137




26470 SUB Reflect(W,Wpt(®), W), X8 ,Y(R),Z(%),Zx (%) ,Zy(X),Cons, Zxmit(%),N
)

26480 OPTION BASE §

26490 DIN T1(400),T2¢400),T3(400),Bear(4),Range(4),T(3>

26500 ! REFLECTS TDs MEASURED NEAR A WAYPOINT TO THE WAYPOINT
26540 | TDreflect=TDmeas-(h(Zneas)~h(Zwaypoint))

\ 26%20 ! h(Z)=(Range_secondary-Ranqe_master)/Velocity_propogation
26530 ! CALCULATE ht{Zwaypaint)

o 26540 FOR I=1 TO 4

: 26550 CALL Rb(Wpt(W,S) ,Wpt(W,8),Zxnit(I,1),Zxmit(1,2),Bear(I),Range(I))
; 26560 NEXT I

S 26570 FOR I=4 TO 3

- 26580 T(I)=(Range(I)-Range(4))/V

26590 NEXT I ?
26600 CALCULATE h(Zmeas)-h(Zwaypoint)

26610 FOR I={ TO N

26620 FOR J=4 TO 4

26630 CALL Rb(Zx(I),Zy(I) ,Zxmit(J,41),Zxmit(],2),Bear(J) ,Range(J))

26640 NEXT J

26650 Ti(1)=(Range(i)-Range(4))/V-T(4)

26660 T2(I)=(Range(2)-Range(4)>/V-T(2)

26670 T3(1)=(Range(3)-Range(4))/V-T(3)

26680 NEXT I

26690 ! CALCULATE TDmeas~(h(Zmeas)-h(Zwaypoint))

24708 ON Conf GOTO Xyz,Wxy,Wxz,Wyz

26710 Xyz: !

26720 MAT W=(0)

26730 MAT X=X-T14

26740 MAT Y=Y~-T2

26750 MAT Z=Z-T3

26760 SUBEXIT

26770 Hxy !

26780 MAT W=W-T4

26790 MAT X=X-T2

26800 MAT Y=Y-T3 i
26810 MAT Z=¢(0) *
26820 SUBEXITY
26830 Wxz: !

26840 MAT W=W-T4-°
26850 MAT X=X-T2
26860 MAT Y=(0)
26870 MAT ZI=Z-T3
26880 SUEREXIT
26890 Wyz: !

26900 MAT Ws=W-T4
26910 MAT X=(0)
26920 MAT Y=Y-T2
26930 MAT I=Z-T3
26940 SUBEND
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